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CHAPTER 1. GENERAL

1. | NTRODUCTI ON. Over 80 percent of the inspecti?ns on | arge
transport category aircraft are visual inspections. On snal
transport aircraft the ratio is even greater and on general avia-
tion aircraft, virtually all inspection is visual. Vi sual in-
spection is usually the nost econom cal and fastest way to obtain
an early assessnent of the condition of an aircraft and its com
ponents. Most of the defects found on aircraft are found by vis-
ual inspections, and the airframe manufacturers and users depend
on regular visual inspections to ensure the continued airworthi-
ness of their aircraft. Consequently, it is inmportant that vis-
ual inspection nmethods be understood and properly applied by
those responsible for the continued airworthiness of aircraft.
Proficiency in visual inspection is crucial to the safe operation
of aircraft. Such proficiency is gotten from experience, but

al so by learning the nethods devel oped by others. Thi s docunent
descri bes those nethods and the way they are used in the various
i nspections carried out on aircraft.

2. RELATION OF VISUAL | NSPECTION TO NONDESTRUCTI VE | NSPECTION (NDI).

Vi sual inspection is an essential part of airplane naintenance.
The visual inspection conmponent of NDI requires trained and expe-
ri enced inspection personnel, using validated procedures and ap-
propriate calibration standards with effective, well-naintained
equi pnent in a well-nmanaged nai ntenance environnent.

3. DEFI NI TI ON OF VI SUAL | NSPECTI ON. Vi sual inspection is de-
fined as the process of using the eye, alone or in conjunction
with various aids, as the sensing mechanism from which judgnments
may be made about the condition of a unit to be inspected. | mag-
ing devices are playing an increasing part in the inspection
process, (e.g., ultrasonic C-scans, eddy current inmaging, real-
time X ray). Anal ysis of such displays is not considered visua

i nspection and will be covered under image analysis in AC 43-X,
Nondestructive Inspection For Aircraft.

1 CGoranson, U.F. and Rogers, J.T., "Elenents of Damage Tol -
erance Verification," 12th Synposium of International Comrercia
Aeronauti cal Fatigue, Touluse, France, My 1983.

Chap 1
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4. PURPOSE OF VI SUAL | NSPECTI ON

Vi sual inspection is used to:

e Provide an overall assessnent of the condition of a struc-
ture, conmponent, or system

e Provide early detection of defects before they reach
critical size.

e Detect errors in the manufacturing process.

e« btain nore information about the condition of a conponent
showi ng evidence of a defect.

In many situations, no reliable alternative exists to visual in-
specti on. Vi sual procedures are mandated by the FAA for struc-
tural inspections to support Supplenentary Structural |nspection
Docunments (SSIDs), Service Bulletins (sSBs), and Airworthiness Di-
rectives (ADs).

5. AL RFRAME AND ENG NE STRUCTURAL DETAILS.

a. Typical Airframe Defects. Typical airfrane defects found
in aircraft which can be detected by visual inspection can be di-
vided into three types: cracks, corrosion, and disbonding. O her
defects, such as system and conponent wear, accidental danage,
environmental damage from long term storage, sunlight, etc., can
al so be detected visually.

(1) Cracks. Figure 1-1 illustrates areas nobst suscep-
tible to cracks. Figure 1-2 shows typical surface cracks which
can be detected by visual inspection. Surface cracks caused by
fatigue are illustrated in Figure |-3. An exanpl e of skin-
cracking at fasteners is shown in Figure |-4. Soneti mes an un-
derlying crack can cause a distortion which can be detected visu-
ally.

Chap 1
Page 2 Par 4
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FI GURE 1-3. MULTIPLE-SI TE DAMAGE SURFACE FATI GUE CRACKS

o O
® 5 O

‘xr-!k‘.d",. L e .‘L S S

FIGURE 1-4. EXAWMPLE OF SKI N-CRACKI NG AT FASTENERS

(2) Corrosion. Figure 1-5 illustrates areas nost sus-
ceptible to corrosion. The various manifestations of corrosion
such as missing rivet heads are shown in Figure |-6.

Chap 1
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FIGURE 1-5. AREAS MOST SUSCEPTI BLE TO CORROSI ON

FIGURE 1-6. EXAMPLE OF M SSI NG RI VET HEADS RESULTI NG

FROM CORROSI ON PRODUCTS

An exanple of blistering of paint in a fuel cell caused by corro-
sion is illustrated in Figure 1-7. Chi pped and | oose paint on a

Chap 1
Par 5
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kKin is showmn in Figure 1-8. Figure 1-9 shows internal
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FIGURE | -7. EXAMPLE OF BLI STERING OF SEALANT IN A FUEL CELL
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FIGURE |-9. | NTERNAL CORRCSI ON OF THE TUBULAR ENG NE MOUNT
OF A 1946 VI NTAGE CESSNA
(Courtesy of Shoreline Aviation, Mirshfield
Muni ci pal Airport, M)

Chap 1
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Corrosion of a rudder control cable and elevator rib are shown in
Figures 1-10 and |-11, respectively. Figure |-12 shows an exam
pl e of skin-bulging from corrosion of the faying surface between

skin and internal structure around a cargo doorway. Figure |-13
shows two exanples of a nut which cracked from corrosion fatigue.
Figure I-14 illustrates |anding gear and wheel corrosion points.

FIGURE | -10. CORRCSI ON OF THE RUDDER CONTROL CABLE OF A
1969 CESSNA 172, FOUND VI SUALLY
(Courtesy of Shoreline Aviation, Mrshfield
Muni ci pal Airport, M)

Chap 1
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FIGURE [-11. CORRCSION OF THE ELEVATOR RIB OF A 1969 CESSNA 172,
FOUND VI SUALLY (Courtesy of Shoreline Aviation
Marshfield Municipal Airport, M)

FIGURE 1-12. EXAMPLE OF SKIN-BULG NG DUE TO CORROSI ON

Chap 1
Par 5 Page 9
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FI GURE 1- 13. EXAMPLE OF CRACKED NUT DUE TO CORRCSI ON
(Courtesy of MDonnell Dougl as)

Chap 1
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FI GURE 1-14. LANDING GEAR AND WHEEL CORRGCSI ON PO NTS
(Courtesy of the U S. Navy)

(3) Disbonding. It is very difficult to detect dis-
bondi ng by visual neans, since it is usually an internal condi-
tion and not likely to show up on the surface of an aircraft.
Figure 1-15 illustrates areas nost susceptible to disbonding.

Wherever a bonded surface beconmes disbonded, corrosion is likely
to occur and may be detected visually.

Chap 1
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b. Enagine Defects. Figure 1-16 shows typical defects found

during inspection o
sary to use visual

f engi ne conponents. Frequently it is neces-
aids to detect defects. Figure 1-17 illus-

trates typical defects seen through borescopes and other aids.
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(Sheet 1 of 3) _
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(Sheet 3 of 3)
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FIGURE |-17. TYPI CAL DEFECTS AS SEEN THROUGH BORESCOPE AND
OTHER Al DS
(Courtesy of MDonnell Dougl as)
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6. FACTORS AFFECTI NG VI SUAL | NSPECTI ON. Any factor that aids
vi sual effectiveness increases the probability of detecting the
potential cause of a failure and subsequent corrective action.

a. | nspection Personnel oQualificationg and Trai ning. I n-
spection personnel should posses experience and know edge of the
origins and causes of defects in raw material manufacturing proc-
esses, the reshaping and redistribution of these defects in sub-
sequent part manufacturing processes, and defects that devel op

after the part is put in service. | nspection personnel should
al so have a working know edge of the part, conponent, or aircraft
bei ng i nspected. It is essential that inspection personnel be

know edgeabl e concerning the structural detail being evaluated to
enable themto properly locate, identify, and evaluate aircraft
def ect s. Persons who inspect, approve, and return to service an
aircraft appliance or part, nust be certified in accordance with
the appropriate FARs or perform the work under a certificate

hol der who is directly in charge of that person.

b. Inspection Area Access. Ease of access to the inspection
area is inportant in obtaining reliable visual inspection re-
sults. Access consists of the act of getting into an inspection
position (primary access) and performng the visual inspection
(secondary access). Unusual positions (i.e., crouching, lying on
back, and overhead reaching) constitute exanples of difficult ac-
cess.

(1) Impact on lnspection. The necessity to get both
hands into the aircraft structure while holding a flashlight or
mrror or reaching into awkward openings can affect the inspec-
tor's notivation, attitude, decision-nmaking, and ability to in-
terpret what is seen

(2) Access and Safety. St agi ng equi pnent (e.g., plat-
forms, |adders, stools) used to permt access to the airfrane and

engi nes should be used safely, i.e., secured nmanually or brake
engaged to prevent slips and falls. Protection should be pro-
vided to prevent potential injury from sharp edges and shifts in
heavy wei ghts. Adequat e protection from falls should be provided
wher ever possible, such as railings and harnesses and |anyards on
hi gh working pl atfornmns.

c. Lishting. Adequate quality and intensity of illum nance
and elimnation of direct glare, reflected glare, and harsh shad-
ows all enhance the identification of defects. Conversely, ex-
cessive visual fatigue and the del ayed eye adaptation experienced
when noving from bright surroundings into dark ones and vice
versa could reduce effective detection of defects.

(1) Localized Illumnation. Illum nation should be pro-
vided during occupancy of spaces that possess limted access. In

Chap 1
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t hose areas which do not have fixed lighting, portable and vehi-
cl e-mounted lighting equi pnent should be used.

(2) Excessive dare. Uncontrolled |arge differences of
illum nation and excessive glare should be avoided. Appropri ate
guides to limting glare and adaptation effects are discussed in

Chapter 3 of this AC and in the Illum nation Engi neering Society
(IES) handbooks on |ighting.

(3) Lighting and Safety. Sonme accidents which have been
attributed to an individual's carel essness could have been par-
tially due to poor I|ighting. I'llumnation |levels regarded as ab-

solute mnimuns for safety alone have been devel oped by the IES
and are listed in Table |-1.

TABLE | -1|. | LLUM NANCE LEVELS FOR SAFETY*
HAZARDS REQUI RI NG VI SUAL SLI GHT H GH
DETECTI ON
Normal ** Activity Level Low Hi gh Low | Hi gh
Il um nance Levels 0.5 1 2 5
( Foot candl es)

* Minimum illuminance for safety of people, absolute minimum at any time and at

any locationon any plane where safety s relatedt o seeing condiions.
e * Special conditions may require different illuminance levels. In some cases
higher levels may be required, as for example where security is a factor. In some

cases greatly reduced levels, including total darkness, may be necessary, specifi-
cally in situations involving manufacturing, handling, use, or processing of
light-sensitive materials (notably 1n connection with photographic products).

I
these situations al t ernate methods of 1nsuring safe operations should be relledn
upon.
NOTE: See specific application reports of the IES
for guidelines to mnimum illum nances for safety by
ar ea.
d. Precl eaning. It is necessary for parts to be inspected
to be free fromdirt, contamination, or anything which would tend
to obscure detection of inportant defects. It is also inportant

during cleaning not to renove or obscure evidence of a defect.
For exanple, cracks may becone hidden by abrasive treatnent and
rendered invisible.

e. Working Environnment Factors. Excessi ve tenperature,
wind, rain, and other climactic factors tend to adversely affect
i nspecti ons. Excessive noise tends to reduce concentration, cre-

ate tension, and prevent effective comunication. These condi -

tions increase the likelihood of errors, degrade reliability, and
potential |y inpact personnel safety. The FAA's human factors re-

Chap 1
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search program addresses pany factors whi ch affect the reliabil-
ity of visual inspection.

7. SAEETY.

a. Geperal safety. Safety hazards which could cause injury

to tHe inspector or prevent the identification of defects should
be elimnated or mnimzed.

b. safety Instructions for Inspection Svstens and Materials.
The operating safety instructions of the manufacturers of the in-
spection systenms and naterials should be foll owed. The eye can
be harned by intense lighting and |asers (which have their own
associ ated safety regul ati ons and precautions). The various ma-
terials used for cleaning in preparation for visual inspection
may contain chemcals which, if |npropergy used, can be hazardous
to the health and safety of operators. af e handling of cleaning
materials is governed by the suppliers' Mterial Safety Data
Sheets (MspDSs) . MsDSs, conformng to 29 CFR 1910. 1200, or
equi val ent, should be provided by the supplier to an& user and
shoul d be prepared in accordance w th FED- STD 313. | anmabl e or
conbusti bl e cleaners and chem cals should be kept in approved
safetK containers and only in mininumaquantities. Sone cleaners

e

and chem cals may have an adverse effect on skin, eyes, and res-
piratory tract. ~ Manufacturers' warning |abels and current safety
directives should be observed. C eaners and chem cals shoul d be
used only in authorized areas. Soiled flamable or conbustible

cl oths should be discarded into covered netal containers.

: The process of visual inspec-

tion should contain two fundanmental elenments to be successful:

(1) a trained inspector with binocular vision and good vi sual
acuity; (2) an inspection procedure which defines the details of
the inspection, including exanples of the defect(s) tracked.
This document presents exanples of these elenments and their in-
terrelation in aircraft inspection. The findings of qualified

i nspectors using apProprlate procedures on specific details of an
aircraft can be analyzed to provide quantitative data on the re-
liability of inspection for a given detail. Know edge gained
fromthis analysis establishes the tinme intervals at which the
i nspections are performed.

a. Procedures and Processes for Visual Inspection. The
various conponents of a nmpdern aircraft vary depending upon their
use, material makeup, method of fabrication, and the environnent
in which they operate. Wile nost of the aids for the inspection

2 Office of Aviation Medicine Reports: Human Factors |ssues in

Mai nt enance and | nspection, 1994.
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process are used for engines, airfranmes, related systens, conpo-
nents, and accessories, they are used to a differing degree and
may be nodified and configured for specific applications. The
maj or difference between inspection of engines and airframes is
that only cursory inspections of engines can be made on the air-
craft. Although borescopes and other enhancenments are expandi ng
the nunber and quality of .inspections on nounted engi nes, com
plete and rigorous engine inspections necessitate their renova
fromthe aircraft and, in many cases, full teardown.

b. CGeneralized Techni aues. Successful visual inspections on
any type of structure usually enbody known techni ques and proce-
dures which have been devel oped by experience. Exanpl es of such
techni ques are described in Section 9.

c. Specific Techni aues. There are specific techniques for
detecting defects unique to airfranes and engines. Specific
gui delines and techni ques used for inspection of airframes and
engi nes are described in Sections 10 and 11, respectively.

9. VISUAL | NSPECTION. GENERAL. To conduct an effective visual
observation, inspection personnel should not only |ook at an ob-
ject, but examne it based on their know edge of it and estab-
l'ished rules.

a. Targets. Effective inspectors |ook at specific targets
rather than scan an area. The eye is functionally blind when it
i's nmoving between observation points. Accordingly, a procedure
of step-scanning is used. Lookouts spotting objects on the hori-
zon are taught to step-scan w th binocul ars. Those who are pro-
ficient can detect approaching objects |Iong before they are oth-
erw se visible. Simlarly, when observing dim objects against a
dar k background, observers are taught to focus to one side or
above the object viewed. They are then able to see details which
are not otherw se visible. These and other types of methods can
be used by inspectors to |look for target defects in all parts of
the aircraft.

b. lmasination. Another useful technique for the inspector
is to inmagine what type of action would cause a particul ar de-
fect. This thought process may provide a clue as to what the de-
fect will look I|ike. Skin winkles, which nay be caused by an
underlying crack, are an exanple of a defect identified by such a
process.

c. Mrkinss. Markings or anonal ous concentrations of dis-
coloration may signal the presence of a defect. Wien snoking was
pernmtted on aircraft, inspectors knew that nicotine smears were
associated with skin cracks. Cl ose inspection is still necessary
where concentrations of contam nants and discoloration occur,
since they may signal the existence of crack sites. Scr at ches,
mar ks, and other anomal ous features on the area inspected inform
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the trained inspector and are used to detect defects which may
af fect airworthiness. Loose rivets tend to emt “snoke", discol-
oration, and streaking (localized).

d. Corrosion. Corrosion is primarily detected by visual in-
spection. Since its detection is critical, inspection personne
should be famliar with the appearance of the conmon types of
corrosion and have training and experience in corrosion detection
on aircraft structural and engine material s. Corrosion Control
for Aircraft (AC 43-4A) contains technical information on corro-
sion identification, photos illustrating exanples of typical cor-
rosion, and guidance on treatnment of corrosion on aircraft struc-
tural, engine, and related materials. It may be necessary to re-
nove corrosion to assess the condition of the underlying mate-
rial. It is inmportant not to destroy the surface finish, or re-
nove protective coatings which would be difficult to repl ace,
such as the “cladding”" found on the skin surface of major trans-
ports. In general aviation, an inspector wll sometimes probe a
part with a center punch in an area of suspected corrosion; if
nore than a minor indentation is observed, corrosion is present.

e. JInspection After Mintenance. After a conponent has been
serviced, repaired, or otherwi se naintained, it should be in-
spected for abnormalities. A simlar inspection of the surround-
i ngs should be carried out when a conponent or accessory is rein-
stalled in the aircraft. Look for |oose material, mssing coat-
ings, other danmage, etc.

10. Al RFRAME VI SUAL | NSPECTI ON. It is necessary not only to know
how to exam ne, but where to exanmi ne, when inspecting details for
defects with which one is famliar from past inspections. The
flashlight and the mrror are standard tools which should accom
pany the inspector on all inspections. The inspector should be-
cone skillful in using these tools. Also, magnifiers should be
readily at hand for sone types of inspections. O her aids which
may be available for specialized requirenents are described in
Chapters 3 and 4. The flashlight/mrror conbination can be used
to illumnate an area as well as view it and is particularly

val uabl e in inaccessible spots. Magnifiers are invaluable for
defining the extent and character of cracks and problens in riv-
eted assenblies.

a. Visual Detection of Surface Cracks. Wien searching for
surface cracks with a flashlight, the light should be directed at
a 5- to 45-degree angle (see Figure 1-18). The light beam shoul d
not be directed at such an angle that the reflected |ight beam
shines directly into the eyes. The eyes should be focused above
the beam during the inspection. The extent of any cracks can be
determned by directing the Iight beam at right angles to the
crack and tracing its |ength. A | o-power magnifying glass shoul d
be used to confirm the existence of a suspected crack. I'f this
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is not adequate, other NDI techniques-such as penetrant, magnetic
particle, or eddy current-may be used to verify cracks.

EYE ABOVE
REFLECTED
LIGHT BEAM

INCIDENT _
LIGHT BEAM

FAYING
SURFACES TO SURFACE

FIGURE | -18. USING A FLASHLI GHT TO | NSPECT FOR SURFACE CRACKS

b. The mirror can be
used with great effect in locations that cannot be viewed di-
rectly. The mrror is frequently attached to a long arm so that
it can be directed around corners. It is frequently necessary to
shine a light onto the mrror and indirectly illumnate the area
requiring or undergoing inspection.

c. Hardware and Fasteners. Ri vets, bolts, and other m scel-
| aneous structural hardware should be inspected for |ooseness,
integrity, proper size and fit, and corrosion. Dished, cracked,
or mssing rivet heads and | oose rivets should be identified and
recorded, using the arsenal of visual inspection techniques
avail able.  The inspector should ensure that sufficient light is
available to be able to really see every fastener. Once again, a
flashlight is indispensable.

d. Control Svstems. Cables, control rods, rod ends, fair-
| eads, pulleys, and all other simlar itenms should be exam ned
for integrity, structural soundness, and corrosion.

e. Visual Inspection for Corrosion. | nspection of an air-
craft for corrosion follows a systematic pattern.

(1) Clues. The aircraft is initially observed for clues
as to the care with which it has been nmintained. Have obvi ous
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corrosion control measures been taken? Have drains been cl eaned,
pai nt replaced, and debris renoved?

(2) Locations, | nspect likely corrosion sites. These
i nclude galleys and food service areas, |lavatories, bilges, tank
drains, and fastenings. Wen debris is found, it should be exam
ined for iron oxide and the characteristically white powdery al u-
m num hydride. Biological contam nation (nold, algae), which may
feel greasy or slippery, frequently causes corrosion since it al-
ters the acidity of any noisture it contains. Caul king and seal -
i ng conpounds should be tested for sound adhesion since corrosion
can intrude under such materials. Nutplates should be investi-
?ated for underlying corrosion. Tap tests should be perforned

requentl¥ and any dull sounding areas investigated carefully.

The use of a center punch or awl to indent a surface should be
used with care, since awl or center punch pricks can serve as
sites for the initiation of fatigue cracks. The om ssion of fue
additives by sonme fuel vendors can accelerate the deterioration
of tankage on small aircraft. In such cases, it is necessary to
drain tanks and inspect themusing |ighted borescopes or other
aids. Flight and control surfaces are difficult to inspect since
access is difficult. Extensive use of aids is recomended for
such | ocations.

(3) Sites. Careful detailed exam nation of corrosion
sites is then acconplished to define the extent of corrosion.
This can lead to renoval of skin panels or other nmeasures to fur-
ther define the extent of danage.

f. Disbonds. Many aircraft have extensive regions of adhe-
sive bonding of the structure alone or in conbination with riv-
ets. It is frequently necessary to detect disbonds and adhesive
failure in structure. It should be remenbered that, in adhe-
sively bonded structures, evidence of corrosion frequently sig-
nals the | oss of bond inte%rity. A good exanple of this condi -
tion is the pillomﬂn? whi ch appears behind rivets. |f the struc-
ture is bonded as well as riveted, one can be sure that where
pillowi ng exists the bond is destroyed. Unfortunately, the re-
verse is not also true. It Is quite ﬁOSSIb|e for an uncorroded
joint to be disbonded. Frequently, the only nmeans for detecting
such a disbond is to nechanically distort the structure and de-
term ne whether any adhesion exists in the area of interest.
Specifically, the waffle doublers, which act as tear preventers
in pressurized aircraft, should betested where possible.

g. Painted Surfaces Pai nted surfaces shoul d be inspected
for chipped, mssing, loose or blistered paint and for evidence
of corrosion. Refer to AC 43-4A for exanples of corrosion.

~h. Wndshields and Ports, Transparent surfaces-such as
wi ndshi el ds, w ndows, and ports-should be inspected for cracks,
crazing, and seeds using a Larascope or sinmilar device. This de-
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vice uses a plastic prismto permt viewing the interior of
transparent plastic or glass wndow material. The prismis opti-
cally coupled to the wi ndow being inspected by use of an oi

coupl ant, enabling the operator to see inside the glass. The
prism can be mani pul ated to observe if any cracks are emanating
fromdrill holes or from edges of the transparent material.

i. Oher Surface Discontinuities. O her surface disconti-
nuities-such as discoloration from overheating; buckled, bulging,
or dented skin; cracked, chafed, split, or dented tubing; chafed
el ectrical wring; delamnations of conposites; and damaged pro-
tective finishes-may be found by careful visual inspection

11. ENG NE VI SUAL | NSPECTI QON. Some superficial clues to engine
condition are |eaks and evidence of snoke. Details observed in
engi ne inspection which differ from airframe inspection generally
relate to surface finish and the means for inferring underlying
condi ti ons.

a. Forgings, Weldnents, Castings, and Machined Parts. The
surface texture of the conponents differs fromthat of the rolled
and formed surfaces nost common in airfranmes. The conponents are
therefore inspected using different criteria. So many engine de-
fects are related to surface features of the material that a
gl ossary of ternms is used in nost engine manuals to describe
visible surface characteristics in terns of the process which
caused them and its effect on satisfactory performance of the
part. As a result, much of the current guidance relating to en-
gine visual inspection is related to manufacturing processes.

Thi s docunent covers only those visual inspection issues relating
to operational and nmaintenance inspection. The Engine Visual In-
spection dossary in this docunment, however, describes defects
whi ch may be found by maintenance inspectors in the field, but
are nmore often found in the manufacturing process rather than
"in-service" operations or nmaintenance.

b. Enagine Environnment. Another difference related to engine
i nspection is associated with the environnment in which engines
are expected to operate. Many engi ne parts are expected to sur-
vive in intense heat. | nspections within the protective encl o-
sures surrounding these areas often require conplex visual aids
such as |ight pipes, borescopes, and special inspection fixtur-
i ng.
12. 1 NSPECTION FOR SPECIFIC TYPES OF CORROSION.  This section
provi des general information for visual inspection of aircraft
structure and conponents for specific types of corrosion. Vi sual
inspection is the primary nmethod for inspecting aircraft struc-
ture and conponents for corrosion. Qher NDI techniques such as
eddy current, ultrasonic, radiographic, magnetic particle, and
penetrant inspection are also used to supplement visual inspec-
tion. These other NDI techniques are generally used when costly
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di sassenbly would be required to gain access to hidden structure
or conponents to acconplish visual inspections. They are al so
used to neasure or estimate material |loss due to corrosion and to
verify the effectiveness of corrosion renoval. | nspecti on of
aircraft for corrosion is a continuing requirenment and should be
done on a daily basis.

~a. Corrosion. Corrosion is the electrochem cal deteriora-
tion of a netal because of its reaction with the surrounding en-

Vi ronment . While new and better materials are continuously being
devel oped, this progress is offset, in part, by a nore aggressive
operational environnment. Corrosion is a conplex phenonenon which

can take many different fornms and the resistance of aircraft nma-
terials to corrosion can drastically change with only a small en-
vi ronnment al change.

b. Catastrophic Corrosion Events. Corrosion is nost often
t hought of as a slow process of material deterioration, taking
pl ace over a significant period of tine (exanples being genera
corrosion, pitting, exfoliation, etc.). QG her fornms of corrosion
degradati on can occur very quickly, in days or even hours, wth
catastrophic results. These forns (such as stress corrosion
cracking, environnental enbrittlenment, and corrosion fatigue) de-
pend on both the chem cal and nechani cal aspects of the environ-
ment and can cause catastrophic structural failure wthout warn-

i ng.

c. Corrosion Qccurrence. Corrosion occurs on alnost all
metal s; however, the use of corrosion resistant netals and the
application of protective coatings mnimze aircraft corrosion.
Many ot her factors contribute to the anbunt and degree of air-
craft corrosion such as the operational environnment, materials
used in the original design, and the amobunt of operational pres-
ervation provided during maintenance and repair.

d. Arcraft Environnent. Aircraft exposed to salt air,
heavy industrial pollution, and/or over water operations wll ex-
perience nore corrosion problens than aircraft operated in a dry
envi ronment . Corrosion is caused by the presence of salts in

noi st air or by some other abatenent to corrosion present in the
chem cal content of the water or elenents in the netal.

e. Mnufacturers' Handbooks. Manuf acturers' handbooks
shoul d be used as a general guide when an area is to be inspected
for corrosion. Some manufacturers have devel oped vi deos expl ain-
ing the process of corrosion and separate corrosion control manu-
als that are the basis for a conplete aircraft corrosion inspec-
tion and program On aircraft for which the manufacturer has not
publ i shed a recommended corrosion inspection schedule and treat-
nment program the recommendations of Advisory Circular (AC
43-4A, Corrosion Control for Aircraft, should be foll owed.
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f. Uniform Etch Corrosion. Uniformetch corrosion results
froma relatively uniformchem cal attack on a netal surface (see

Figure 1-19). On a polished surface, this type of corrosion is
first seen as a general dulling of the surface, and if the attack
Is allowed to continue, the surface becomes rough and possibly
frosted in appearance.

FI GURE 1-19. UNIFORM ETCH CORROSI ON
(Courtesy of Thomas Fl ournoy)
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g. Pittina Corrosion.. The nost common form of corrosion on
aluminum and magnesi um alloys iS pitting (see Figure [-20). It
is first noticeable as a white or gray powdery deposit, which,
when renoved reveal s uneven corrosive attack which is revealed as
pits or holes in the surface.

FIGURE [-20.  PITTI NG CORROSI ON

h. Galvanic Corrosion. Galvanic corrosion occurs when two
dissimlar netals nake electrical contact in the presence of an
el ectrolyte (see Figure 1-21). The electronotive force (EMF) se-
;iﬁf lists nmetals in the order of their ability to corrode as

ol | ows.

1. Magnesi um Al | oys 12. Copper

2. Zinc (plate) 13. Monel

3. Beryllium 14. Stainless Steels
4. Cadm um (pl ate) 15. Titanium Al | oys

5. Alum num Al | oys* 16. Silver

6. Tin (plate) 17. Pal | adi um

7. Cprer Eplate; 18. Cold

8. N ckel (plate 19. Rhodi um

9. Chron1un1€ | at e) 20. Pl atinum

10. Brass (yellow or naval) 21. Carbon/Gaphite

11. Bronze

+ 2024 (copper ailoys) used nostly in fuselages and the 7000 (zinc alloy) series used
nostly in flying and control surfaces have about the same corrosion potential. The excep-
tions are rolled, extruded, and torged alum num (anisotropic grain structure) which have
been heat treated or cold worked. These alloys are susceptible to exfoliation corrosion.
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FI GURE 1-21. GALVANIC CORROSI ON OF MAGNESI UM ADJACENT TO STEEL
FASTENER (Courtesy of Thomas Fl ournoy)
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The rate and degree of corrosion depends on the relative surface
areas of the two nmetals and their location on the electronotive
force series. Adjacent netals in the EMF series have | ow corro-
sion susceptibility whereas widely separated nmetals will corrode
raFid[y. For exanple, an alumnum fastener in contact with a
relatively inert nel (nickel, copper, steel) structure may cor-
rode severeby, while a Monel bracket secured to a |arge al um num
re

menber woul sult in arelatively superficial attack on the
al um num sheet .

. _ ati Cell or ' _ ion. Concentration
cell corrosion is corrosion of netals in a netal-to-nmetal joint;
corrosion at the edge of a joint, even through joined metals are
identical; or corrosion of a spot on the netal surface covered by
a foreign material (see Figure 1-22 for the three types of crev-

i ce corrosion).

LOW METAL ION CONCENTRATION

HIGH OXYGEN CONCENTRATION
.'
- L

£ ) 7\

HIGH METAL ION CONCENTRATION LOW OXYGEN CONCENTRATION

METAL ION CONCENTRATION CELL OXYGEN CONCENTRATION CELL
RIVETED LAP JOINT ’
FOREIGN MATERIAL CREATES
PASSIVE FILM LOW OXYGEN REGION WHICH
PROTECTS EXPOSED . o= P PREVENTS THE RE-FORMATION
SURF ACE OF PASSIVE FILM
ACTIVE

METAL ACTIVE - PASSIVE CELL

FI GURE 1-22. CONCENTRATI ON CELL CORROSI ON

j . Intergranular Corrosion. Intergranular corrosion is an
attack along the grain boundaries of a material. Rapid selective
corrosion at the grain boundarK can occur wth subsequent del am -
nation (see Figure |-23). High-strength alum num alloys such as
2014 and 7075 are nore susceptible to intergranular corrosion if

t hey have been inproperly heat-treated and are then exposed to a
corrosive environnent.
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FI GURE | - 23. INTERGRANULAR CRACKI NG AND CORROSI ON ON
A WINGSPAR CHORD

k. Exfoliation Corrosion. Exfoliation corrosion is an ad-

vanced form of intergranular corrosion where the surface grains
of a netal are lifted uﬁ by the force of expanding corrosion
products occurring at the grain boundaries just below the sur-
face. The lifting up or swelling is visible evidence of exfolia-
tion corrosion (see Figure |1-24)., Exfoliation is nost prone to
occur in rolled and wought products such as extrusions, thick
sheet, thin plate, and certain die-forged shapes. This is in

contrast wth cast products that tend to have a nore honbgeneous
grain structure.
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FIGURE | -24. SEVERE EXFOLI ATI ON CORRCSI ON
(Courtesy of Thomas Fl our noy)
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CHAPTER 2. VI SUAL | NSPECTI ON PROCEDURES

200. CENERAL. Generally, the inspection procedure to be used

will be specified by the aircraft or conponent manufacturers or
the FAA in docunents such as maintenance or overhaul mnanuals,
AD’s, SSID's, or manufacturers' Service Bulletins. | f, during

mai nt enance, a condition is found on the aircraft being inspected
whi ch mayrecur on that aircraft or on another of its type, a
certified inspector or other appropriate individual should create
an inspection procedure covering the condition. Approval of such
procedures should be in accordance with appropriate FARs.

201. MATERI AL CONTAINED IN A VI SUAL | NSPECTI ON PROCEDURE. Vi sual
i nspection procedures should all contain steps in a |logical for-
mat. A procedure has four basic parts: (1) a basis for the in-
spection, (2) preparatory arrangenents, (3) inplenentation of the
i nspection, and (4) evaluation of the results. Table 2-1 is a
listing of all the elenents to be considered when creating or re-
viewi ng an inspection procedure. Each of the itens in the Table
shoul d be addressed in the procedure if relevant for the specific
i nspecti on.
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TABLE 2-1. TOPICS TO BE CONSI DERED | N PREPARI NG OR
REVI EW NG A VI SUAL | NSPECTI ON PROCEDURE

BASI S FOR | NSPECTI ON

Reason for and purpose of the inspection including any rel evant background infor-
mat i on.

References to pontrollin? docunentation, for exanple: Advisory Circulars, Airwor-
thiness Directives, Mnufacturers and general NDT Manual s, Maintenance and ot her
rel evant manual s.

Controlling dates: Effective date of the inspection, date before which the in-
spection shoul d be acconplished, inspection interval, date at which the inspection
no |l onger is necessary.

Ef fecti veness; aircraft, engine, or part nunber.

Time and |abor required for the inspection

Condi tions under which the inspection is no |onger necessary.

PREPARATI ON

Preparation and cleaning of the item being inspected.

Any special requirenents of the inspection such as unusual surface preparation
(etching, paint renmoval) or the temperature range over which the inspection is ef-
fective

I dentification of any equi pment necessary for the inspection together with provi-
sions for periodic calibration thereof.

Identification of the specific materialsapproved for the inspection. These may
be incfuded i'n a referenced Qualified Products List.

| MPLEMENTATI ON

Specific description of the area to be inspected.

Instructions for carrying out the inspection

Description of the defect to bedetected, preferably with an illustration of a
sample defect.

Postcl eanina instructions if required.

Instructions for disposition of the article if it cannot be returned to service

EVALUATI ON

Procedure for establishing inspection reliability.

Accept/rejectcriteria.

Reportinarequirements.

202. ACTIVITIES APPLYING TO ALL VISUAL | NSPECTI ONS. Sone activi-
ties which represent good practice may not be specifically called
out in the procedures, but should be conpleted if they are rele-
vant . Exanpl es of such good practice are:
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a. Prelimnary Inspection. A prelimnary inspection of the
overal |l general area should be perforned for ‘cleanliness, pres-
ence of foreign objects, deformed or missing fasteners, security
of parts, corrosion, and damage. If the configuration or |oca-
tion of the part conceals the area to be inspected, it is appro-
priate to use visual aids such as mirror or Dborescope.

b. Precleaning. The areas or surface of parts to be in-
spected should be cleaned w thout damagi ng any surface treatnent
whi ch may be present. Contaminants that mght hinder the discov-
ery of existing surface indications should be renmoved. Sone
cl eani ng nethods may renove indications of damage; care should be
used if the cleaning tends to snmear or hide possible indications
of trouble. Surface coatings may have to be renoved at a |ater
time if other NDI techniques are required to verify any indica-
tions that are found. Some typical cleaning materials and neth-
ods used to prepare parts for visual inspection are detergent
cl eaners, alkaline cleaners, vapor degreasin?, sol vent cl eaners,
mechani cal cleaning, paint renmovers, steam cleaning, and ultra-
soni ¢ cl eani ng.

c. Corrosion Treatment. Any corrosion found in the prelim -
nary inspection should be renmoved before starting a close visual
I nspection of anr selected part or area. Manufacturers' hand-
books, when available, are a ?ood general guide for treatment of
corrosion. Reconmendati ons of AC 43-4A, if appropriate, should
be used on aircraft for which the manufacturer has not published
a recommended corrosion inspection schedule or treatment program
The AC contains a sunmary of current available data regarding
identification and treatment of corrosion on aircraft structure
and engine materials. Exanples of types of corrosion damage de-
tectable by the visual nethod are al so given.

d. Use of Visual Aids. Wen inspecting the area required,
vi sual aids should be used as necessary. An inspector normally
shoul d have avail abl e suitable nmeasuring devices: a flashlight
and a mirror. Chapter 3 provides information on lighting tech-
ni ques that can be used when inspecting for defects in different
types of materials.

203.  RECORD KEEPING  All defects found should be documented

by Mai ntenance Record entr¥, witten report, squawk sheet, photo-

graph, or video recprdln% or appropriate evaluation. Depending

on the rules governing the facility and person perforn1n? the in-
p

spection, the report may be limted to sinply reporting findings

w t hout any rejection or acceptance disposition. The type, |oca-
tion, and approximte size of any defects present should be docu-
mented. Based upon the particular inspection process specifica-

tion (i.e., AD, Service Bulletin, Mintenance Manual requiremnent,
or normal inspection discovery) the mechanic, repairmn, or other
aut hori zed person should determ ne the particul ar acceptance, re-
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work, repair or rejection status of the part or structure being
i nspect ed.

a. Findinss. One of the nost inportant el ements of the vis-
ual inspection process is the nature of the report of findings.
As a guide, the record of findings for any defects should be kept
in a manner as to permt others who may be doing the sane inspec-
tion to have the benefit of any previous information found and
experience gained.

b. Miintenance of Records. The full value of visual inspec-
tion can be realized only if records are kept of the conditions
found on parts inspected. The size and shape of the finding and
its location should be recorded along with other pertinent infor-
mation, such as rework performed or disposition. The inclusion
of sone permanent record of a defect on a report nakes the report
much nore conplete

c. lllustrations as Records. [t should be stressed that
frequent and effective use of illustrations not only wll enhance
the effectiveness of the procedure but is indispensable in comu-
nicating to the inspector the nature of the defects to be found.
In addition to textual and anecdotal data, the follow ng types of
records are commonly used:

(1) Sketches. The sinplest record is a sketch of the

part_shomﬁn% the location and extent of the defect. On large ar-
eas it may be sufficient to sketch only the critical area.

(2) Photography. Photographs (still or video recording)
of defects can be taken for visual record purposes. Photographs
Broduce a permanent and highly descriqﬁive record since they show

oth size and | ocation on the part. hey are permanent, repro-
ducible, and the required equipnent is readily available. It is
good practice to include a scale in the photo when practicable as
wel | as some marking for identification. This is particularly
necessary if the photograph is likely to beconme an exhibit in-
volved in litigation
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204. FOUR_LEVELS OF VISUAL | NSPECTI ON

a. lnspection Tasks. Vi sual inspection tasks are divided
into four categories relating to their difficulty and degree of
effectiveness as follows:

« Wl karound | nspection.

e CGeneral Visual |Inspection.

e Detailed Visual Inspection.

e« Special Detailed Visual Inspection

b. Additional Special NDI. An additional category may be

used when visual inspection is supplenented by special-
i zed NDI equi pnent.

205. ACCEPTABLE PRACTICE FOR VI SUAL | NSPECTION,  Acceptable prac-
tice for the four levels of visual inspection is defined in the
fol | owi ng paragraphs. For each level, the practice is divided
into the four parts of the inspection procedure described in Ta-
ble 2-1. Details of the inspection procedures will vary for dif-
ferent types of operators and aircraft; for exanple, the walk-
around for a general aviation aircraft and a commercial jet wll
have major differences. It is inportant however, that the proce-
dure for each aircraft type in a given service be carried out
With the same care and detail every tine the aircraft is in-

spect ed. Also, in all inspections described herein, the inspec-
tor should have available and be famliar with the docunentation
and reporting fornms and the ground rules nmandating the inspec-
tion. Refer to Appendices A through F for sanple visual inspec-
tion procedures and equi pnent.

a. Level 1. WAl karound. The wal karound inspection is a
general check conducted from ground level to detect discrepancies
and to determ ne general condition and security.

NOTE: This is the only one of the four inspections
that may be acconplished by either flight or mainte-
nance personnel . The focus and perspective will vary
based on the relation of the inspection to flight or
mai nt enance operations.

(1) Basis for lnspection. Most mmi ntenance instructions
mandat e wal karound inspections on a periodic basis. The overall
purpose is to serve as a quick check to determne if detectable

i nconsi stencies exist which would affect the performance of the
aircraft.
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(2) Preparation for the Inspection. Aircraft history
shoul d be used to gain information useful in inspecting the air-

craft (e.g., are there recurring problens or have there been hard
| andi ngs?). In addition the aircraft should be clean enough for
an effective inspection to take place, the necessary tools and
equi pment should be available (e.g., flashlight, rag, notebook),
and ot her aids, tools, and procedures nay be necessary (e.g., in-
spection of sonme aircraft is easier if already on jacks, but this
I's not always necessary).

(3) lnplenentation. Begi nning the inspection at the
nose, the inspector should approach the inspection fromthe per-
spective of the pilot andnechanic by, first, determ ning genera
condition and, second, identifying maintenance items. A good
rule is to check for itens affecting safety, legality, effi-
ciency, and confort. The follow ng paragraphs give a partial
listing of things to look for. Each aircralt will be different,
but a surprising nunber of different aircraft have simlar struc-
tural details.

« Cbserve left and right side of fuselage and |eft
and right w ngs. ?Does the aircraft list?) Wrk to
your left. eck general condition of paint.

Check exterior surface components w thin reach
Check wi ndows. Check engine, propellers or fan

bl ades, exhaust area, and pylons. Check | eading
edges everywhere. Check control surfaces for slop,
wear, and security. Check each gear well. Check
all entry and exit points to the aircraft. Check
static dischargers. (Observe surfaces at different
angl es using available Iight to enhance surface
eval uation.

. Exam ne according to what the standard condition
I S. (Question the existence of any unusual condi-
tion.) Look for anything different fromone side
to anot her. (It is inportant to shake, push, pull,
listen, and feel when possible.) Run your hand
over skin junction areas or conposite surfaces.

. Wl k around tw ce. (Qobservations during the first
cursory wal karound the aircraft should be used to
determne the general condition. On the second
time around revisit the areas noted on the initial
wal k and | ook for other discrepancies that may be
reveal ed through closer scrutiny of a specific
area. This is when specific |ocations should be
observed.)
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e Are there mgjor dents or intrusions in the skin?
Look for evidence of flexing parts, waves in the
skin, weave or bubble in fiber glass or conposite
conponents, eroded fairings, and bulging or flat-
tened seals. Are any external conponents bent? Is
there evidence of damage? Check windows for craz-
ing, dirt, and pitting.

e Rivet characteristics should be noted. (Chserve
rivets for damage. Look for |oose broken or m ss-
ing rivets. Localized chipping of paint, cracked
paint on sealant, or fretting corrosion are indica-
tive of novenment. Look for snoked or stained riv-

ets.
o Check all venting for |eaks. Check all input tub-
ing toinsure it is clear. Check all antennas for

chipping and strikes. Check for obstructions in
pitot tubes, static and engine pressure orifices,
and tenperature venturies.

(4) Eindinss. Initial findings should be recorded in a
personal notebook as soon as discrepancies are discovered. Do
not rely on menory. Findings should be transferred to the air-
craft Iog or official record of discrepancy as soon as possible.
Recommendations for action will depend on whether the inspection
precedes flight operations or maintenance and whether the dis-
crepancy is safety or flight critical.

b. Level 2. Ceneral. A general inspection is nmade of an ex-
terior wth selected hatches and openings open or an interior,
when called for, to detect damage, failure, or irregularity.

(1) Basis for Inspection. Wen a specific problemis
suspected, the general inspection is carried out to identify, if
possible, the difficulty. GCeneral inspections are also routinely
used when panel s are open for normal maintenance.

(2) Preparation for the Inspection. Ensure cleanliness
of the aircraft. The necessary tools and equi pment required nmay
include flashlight, mrror, notebook, droplight, rolling stoal,
tools for rempval of panels, ladders stands, or platforms. Qher
aids such as jacking of the aircraft may or na% not be discre-
tionary, know edge of a specific aircraft may be essential; and
comon problems may require information, even if not on the in-
spection card.

(3) Implementation. General |ooking is not enough. As
the inspector, you should continually ask “What is wong with
this picture?" Be inquisitive. Question whether you have seen
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this before. Mve, shake, pull, twist, and push all parts possi-
ble. Apply weight to | oad bearing conponents. Conpare one side
to the other if applicable. Be aware of other systens in the in-

spection area. Look for abnormalities in the area, even if not
related to this inspection. Adjusting the source of illum na-
tion, view itens under inspection from different angles. Is the

area pressurized? |If so, does this affect any part of the in-
spection? Inspect all structural conponents, all moveable parts,
all attach points, and brackets. Check all cables, conduits, and
hoses for condition and cl earance. Check condition and security
of | oad and stress points. Look for chafing and fretting corro-
si on. Qoserve proximty of one part to another. Look for |oose
or missing fasteners, use of proper seal ants, noticeable cracks,
i ndi cations of corrosion, and debris in closed areas. bserve
that cables, conduits, and hoses are properly routed. (bserve
that there is sufficient strain relief. Qoserve rivets for dam
age. Look for snoked rivets and discoloration of paint.
(Local i zed chi pping of paint, cracked paint on sealant, or fret-
ting corrosion are indicative of novenent.)

(4) FEindinss. Transfer all information relating to dis-
crepanci es from your notebook. Record di screpancies as a work
order. Di scoveries during the inspection may indicate the need
for a nore detailed inspection. Depending on the findings, this

may be either a Level 3 or Level 4.

c. Level 3. Det ai | ed. A detailed visual inspection is an
i ntensive visual exam nation of a specific area, system or as-
senbly to detect damage failure or irregularity. Available in-
spection aids should be used. Surface preparation and el aborate
access procedures may be required.

(1) Basis for lnspection. A detailed inspection is
called for when a specific problemis suspected and the genera
i nspection dictates additional inspection. O, if the inspection
is otherwi se mandated, a detailed visual inspection is carried
out to identify, if possible, the difficulty. Detail ed inspec-
tions are also periodically called for on damage-tolerant air-
craft to ensure the airworthiness of the critical structure.

(2) Preparation for the Inspection. Tools and equi pnent
will vary, but may include a prism supplenental lighting, mr-
ror, magnifying glass, flashlight, dye penetrant, notebook, drop-
light, rolling stool, and standard and specialized hand tool s.
Docunentation required is specific to the procedures outlined by
steps on work cards. Al so review the SBs, ADs, aircraft history,
and accident reports. O her aids such as know edge of a specific
aircraft and conmmon problens nay be essential even if not on the
i nspection card.

(3) Implementation. The reasoning that originally dic-
tated the inspection should be considered. If it was because

Chap 2
Page 50 Par 205




8/14/97 AC 43-204

sone corrosion was found, then a nore in-depth exam nation is re-

qui red. If the inspection is in response to an AD for a crack,
carefully inspect the surrounding area to rule out additional oc-
currences or stress induced because of the crack. In a detail ed

i nspection, you are usually searching for failure, damage, or ir-
regularity. Check the condition and security of |ockw res and
the | oad and stress points. Look for fretting corrosion. Ob-
serve proximty of one part to another. Look for |oose or mss-
ing fasteners, use of proper seal ants, obvious cracks, indica-
tions of corrosion, and debris in closed areas. Qbserve that ca-
bles, conduits, and hoses are properly routed. Cbserve that
there is sufficient strain relief. Look to see if any chafing
has occurred.

(4) Findinss. Recommendations (discoveries during this
i nspection may indicate the need for a nore detailed inspection,
such as a Level 4).

d. Level 4. Special Detailed. A special detailed inspec-
tion is an intensive exam nation of a specific item installa-
tion, or assenbly to detect damamge, failure, or irregularity. It
is likely to make use of specialized techni qgues and equi pnent.
Intricate disassenbly and cl eaning may be required.

(1) Basis for Inspection. As systens and structures

have beconme nore conpl ex, special inspections using extraordinary
t echni ques and equi pnment have evolved to ensure airworthiness.
These are covered in instructions for special detailed inspec-
tions. Special detailed inspections are also periodically called
for on damage-tolerant aircraft to ensure the airworthiness of
the critical structure. This level of inspection may al so be in-
voked based on recommendations from a |ower |evel.

(2) Preparation for the Inspection. Tools and equi pnent
will vary but may include a flashlight, mrror, video borescopes,
special aids and tooling, Drenel, rolling stool, imge enhance-
ment and recording devices, supplenental |ighting, magnifying
gl ass, dye penetrant, notebook, and standard and specialized hand
tools. Docunentation required is specific to the procedures out-
lined by steps on work cards; review of SBs, ADs, and aircraft
history; and reference to the original or referred discrepancy,
if any. Another aid is the discrepancy report from the contract-
i ng NDI conpany.

(3) Implementation. Procedures are defined in detail by
the specific instruction procedure, but they are limted to the
scope of visual inspection. The | ocations to be inspected wll
vary greatly, but may include portions of the aircraft that are
i naccessi ble w thout major disassenbly, such as the interior sur-
face of the wing skin, pylon butt joints, and lap joints. In
some of these cases the objective of the inspection may be best
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served both practically and economcally through the use of NDI
t echni ques.

(4) Findingg. Satisfy docunentation that specified this
| evel of inspection. Docunentation will be both internal and ex-
ternal and may include work cards, ADs and SBs. Recommendations
shoul d i ncl ude recommendations for correction of the discrepancy
and fol | owup inspection.

206.-299. RESERVED.
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CHAPTER 3. VI SUAL | NSPECTI ON Al DS

300. GENERAL. The two indi spensable aids to visual inspection

are illumnation and optical aids of various types. 111 umi nation
and lighting are crucial to all forns of visual inspection and
can vastly affect the inspection outcone. In the fol |l owing sec-
tions these two elenents of the inspection process will be dis-
cussed. In the lighting section, all the aspects of lighting in
t he inspection environnent are discussed. In the section cover-

ing visual aids, nost optical devices which have found utility in
aircraft inspection are descri bed.

a. Tools. It should be enphasized that eye-mirror-
flashlight is an indispensable conbination for visual inspection.
Aircraft structure and conponents requiring inspection are fre-
quently | ocated beneath skin, cables, tubing, control rods,
pumps, and actuators. Therefore, good secondary access by re-

flection is often essential. Visual inspection aids usually con-
sist of a strong flashlight, a mirror with a ball joint, and a 2-
to 5-power sinple nmagnifier. The mirror should be of adequate

size (except for very awkward access situations) with reflecting
surface free of dirt, cracks, and worn coating; and the sw ve
joint should be tight enough to maintain its setting. A magni fy-
ing mirror may be useful in some situations. A | o- power nagni -
fier is reconmended for positive identification of suspecte
cracks; however, other NDI techniques, such as dye penetrant,
magnetic particle, or eddy current can also be used to verify in-
di cations. Visual inspection of sone areas can only be accom
plished with the use of renote view ng devices, such as
borescopes and vi deo inmagi ng systens.

b. Special Techniques. Visual inspection is a ubiquitous
process used in many |ocations and involves nunmerous specia

t echni ques. Each will have an optinmm lighting environnent and
its own types of visual and optical enhancenents. It is up to
the inspector to select the appropriate illumnation and optica

aid for the inspection at hand.

301. LIGHTING AND | LLUM NATI ON. Federal Aviation Regul ation
Section 145.35(g) dealing with facilities requires that |ighting
shoul d be adequate for the work being performed and shoul d not
adversely affect the quality of the work. Such lighting can be
provided by a conbination of general background and suppl enental
illumnpation and will vary with practice and be task dependent.

The anount of |ight needed to perform the variety of seeing tasks
in visual inspection of aircraft and related conponents depends
not only on the task itself, but also on the vision and the age
of the worker (vision nmay need correcting with gl asses and ol der

Chap 3
Par 300 Page 63



AC 43-204 8/14/97

eyes require nore light), the inportance of the task (how criti-
cal or expensive is a mstake), and the reflectance of the task
background (the greater the difference between task and back-
ground, the easier it is to see).

a. GCeneral Considerations for Lishtins Aircraft Mintenance
Areas. The following factors should be considered as all-
i nportant requirements of good planning for aircraft maintenance
[ighting systens:

(1) Safetv of Personnel. Determ ne the quantity, qual-
ity, and type of illumnation desirable for safety of personnel,
t he nmai ntenance processes, and the environnent.

(2) Selection of Lishtins Equipment. Select |ighting
equi pnent that will provide the quantity and quality requirenents

by exam ning |um nance characteristics and performance that w |l
nmeet installation, operating, and actual rmaintenance conditions.

(3) Equi pnent Mi nt enance. Sel ect and arrange lighting

equi pnent so that it will be easy and practical to maintain.
(4) Energy Managenent. Ener gy managenent consi derations
and economc factors, including initial operating and maintenance

costs versus the quantity and quality requirements for optinmm
vi sual performance, should be balanced (reference |IES handbooks
on lighting, also see Appendix Gin this docunent). Whenever
possi ble, the use of daylight should be considered for nmainte-
nance areas. Due consideration should be given to the Nationa
Energy Policy Act of 1992 covering the use of energy efficient

illum nation
b. Illum nance Val ues. The 1ES has provided a range of il-
| um nance values and illum nance categories to be used for ge-

neric types of interior activities when specific recomendations
are not available (see Table 3-1).

Chap 3
Page 64 Par 301



8/14/97

TABLE 3-1.

| LLUM NANCE VALUES

AC 43-204

— T LLUVM NANCE CATEGCRITES AND T LLCUM NANCE VALCUES FOR GENERIC

TYPES OF ACTIVITI ES

TYPE OF ACTIVITY

I LLUM NANCE
CATEGORY

RANGE OF
ILLUMINANCES
(FOOTCANDLES)

REFERENCE
WORK-PLANE

Public spaces wth
dark surroundings

A

2-3-5

Simple orientation
for short temporary
visits

B

5-7.5-10

Wor ki ng spaces
where visual tasks
are only occasi on-
ally perfornmed

Perfornmance of vis-
ual tasks of high
contrast or snall

si ze

10-15-20

General
lighting
throughout
spaces

20- 30-50

Per f ormance of vis- |
ual tasks of nmedium
contrast or small
size

50-75-100

Perfornmance of vis-
ual tasks of |ow
contrast or very
small size

100-150-200

I1lum nance
on task

Perfornance of vis-
ual tasks of |ow
contrast or very
small size over a
prol onged period

200-300-500

Performance of very
prol onged and ex-
acting visual task

500-750-1000

Performance of very_l|
special visua
tasks of extrenely

| ow contrast and
small size

1000-1500-200

Illumination
of task ob-
tained by a
conbi nati on
of general
and local
(suppl enent a

ry lighting)

The IES has also established a procedure (range approach) for se-

lecting illum nance values fromthe ranges listed in Table 3-1 by
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using a weighting-factor guidance system reflecting lighting-
performance trends found in research (see Table 3-2). It was es-
tablished to acconmmodate a need for flexibility in determning
illum nances so that |ighting designers could design lighting
systens to neet specific needs. Such flexibility requires that
additional information be available to effectively use the range
appr oach. To use the range approach, a lighting task should be
considered to be conposed of the follow ng el enents:

TABLE 3-2. WEIGHTING FACTORS TO BE CONSIDERED IN SELECTING
SPECIFIC ILLUMINANCE WITHIN RANGES OF VALUES FOR
EACH ILLUMINANCE CATEGORY

a. For Illuminance Categories A through C

Room and Occupant

Characteristics Weighting Factor

-1 0 +1
Occupants' ages Under 40 40-55 Over 55
Room surface re- Greater than 30 to 70 Less than 30
flectances* 70 percent percent percent

b. For Illuminance Categories D through I

Task and Worker

Characteristics Weighting Factor
-1 0 +1

Workers' ages Under 40 40-55 Over 55
Speed and/or accu- Not Important Important Critical
racy**
Reflectance of Greater than 30 to 70 Less than 30
task background*** 70 percent percent percent

> Average weilghted surface reflectances ancluding wall, floor and cei1ling reflectances

11 they encompass a large portion of the task area or visual surroundings. For instance in
af arrcraft hanger where the cerithg height s 25 feet, neither the task nor the vigsual
curroundings encompass the cerling, so onty the tloor and wall reflectances would be con-
sidered.

b In determining whether speed and/or accuracy 15 hot important, amportant, or critical,
the following questions need to be answered:  What are the time limitations?  Will errors
produce an unsafe condition or product? Will errors reduce productivity and be costly?

For example, 1n reading for lersure there are no time limitations and it is not important
ta read rapidly. Frrors will not be costly and will not be related to safety. Thus, speed
and/or accuracy 15 not o ormportant . [f, towever, safety notes and process procedures are to
be read by NDI personnel, accuracy 1s ocritical because errors could produce an unsafe con-
dition, and speed is amportant for economio reasons,

b The task background 15 that portion of the task against which the meaningful visual
display 15 exhibited.  For example, on this page the meaningful visual display includes
Cach letter which combines with other letters to form words and phrases.  The display me-

foum, o1 task background, 15 the paper, which has a reflectance of approximately 85 per-
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‘1) Lighting Task =lements.
(i) Visual Display. The visual display is the ob-

ject being viewed, which is presumed to present son® inherent
difficulty of observation.

_ (i) Observer Age. The age of the observer is a
factor in the observer's V|suai per f or mance.

(iii) speed and/or Accuracy. The inportance of
speed and/or accuracy distingui shes between casual, inportant,

and critical seeing requirenents.

(iv) Task Reflectance. The reflectance of the task
(background against which the detalls are seen). The refl ectance
W ll determne the type of illumnation best adapted to the re-
flectance characteristics of the visual display.

(2) Amount and Type of Light. The above |ighting task
el ements should be considered concurrently to deternine the ap-
propriate amount and type of light for the lighting task. Addi-
tional information on using this range approach procedure for se-
lecting illumnances is provided by the |ES in its handbooks on
lighting, and in Appendix G of this docunent.

. c. Industrial Lishting. In addition to generic-activity
I|ght|ng recormendations, the |ES through technical committees
and know edgeabl e individual s provides [ighting reconmendations
for specific industries. Table 3-3 provides the |ES recomended
iI'lumnance categories for general industrial inspection
area/activity. The |IES standards contain |ighting recormenda-
tions for specific tasks and areas in aircraft maintenance.

TABLE 3-3. | ES RECOMVENDED | LLUM NANCE CATEGORI ES FOR THE
DESI GN AND EVALUATI ON OF LI GHTI NG SYSTEMS FCOR
| NDUSTRI AL | NSPECTI ON AREAS

ITNDUSTRTAL GROOP (*Tnspectron Areal Actrvity Only)
Areal Activity I'1'lum nance Category**
| nspection

Sinpl e o D
Moderately Difficult E
Difficult F
Very Difficult G
Exacting H

The [ES provides a wide varliety O f industrilal area/activity recommendations for1llumi-

nance rtateqgorles int h e Industr:ial Group.

See Table 3-1.
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d. Seeing Tasks. The seeing tasks required for visual in-
spection of aircraft tend to be three dinensional and curved,
rather than two dinensional and flat |ike seeing tasks found in
an office. The seeing task can be al nost any distance from the
floor, conmpared with 30 inches for the typical desk top, and in
any position from horizontal to vertical. The seeing task can
have extrenely fine detail requiring thousands of footcandles or
be so large that lower levels will suffice. The finish of the
article to be inspected (dull or matte versus shiny or mirror-
li ke versus brushed) greatly affects the anount and orientation
of the lighting needed for good visibility.

Good visual inspection lighting depends not only on providing the

right illumination levels, but also on selecting the proper l[anp
and lumnaire and nounting or positioning it in the right |oca-
tion. In fact, the latter can often have far nore effect on task
visibility than the lighting level. Figures 3-1, through 3-3

show exanples of the effects of article finish and lighting ori-
entation on visibility. The shiny and matte finish mcroneters,
shown in Figure 3-1, typify a range of seeing tasks and the ef-
fect of lighting system orientation. The graduations on the bar-
rel of the matte finish mcroneter are highIY | egi bl e under al
three lighting conditions: fluorescent parallel to the barre
(Figure 3-1a), fluorescent perpendicular to the barrel (Figure 3-
1B), and high-intensity discharge (H D downlight (Figure 3-1C).

o s Y
e i o e - { p \ ¢ N
= AP

FIGURE 3-1. EXAMPLE OF THE EFFECT OF SHINY AND MATTE FI NI SH oF
PARTS AND LI GHTI NG SYSTEM ORI ENTATI ON ON SEEI NG TASKS
(Courtesy of General Electric Conpany)

The graduations of the shiny mcroneter cannot be easily read
when the barrel is parallel to the fluorescent |ighting (Figure
3-1A) because of lines of glare. Wen the lighting is perpen-
dicular (Figure 3-1B), the reflections wap around the surface,
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the contrast is inproved substantially, and the graduations are
easily |egible. The downlight system (Figure 3-1C) tends to be
omidirectional and the legibility of the nunbers is internediate
between parallel and perpendicular fluorescent |ighting.

The sol der connections on the circuit board, shown in Figure 3-2,
are difficult to inspect because of the reflections of the bright
H D downlight (Figure 3-2A). Under the large, |owbrightness
fluorescent lumnaire (Figure 3-2B), the reflections are soft and
di ffuse and defects can be easily detected.

U

o e

B

FIGURE 3-2. EXAMPLE OF THE EFFECT OF LI GHTI NG SYSTEMS ON
| NSPECTI ON OF A CIRCU T BOARD
(Courtesy of Ceneral Electric Conpany)

Scribe marks, shown in Figure 3-3, (and nmany defects) on polished
or lightly etched surfaces are nore visible if they are parallel
to the fluorescent lighting (Figure 3-3A) rather than at right
angles to it (Figure 3-3B), since the surface reflects the darker
area between the fixtures and increases the contrast.
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oL B AR ANNAEDCPE - AOES

FI GURE 3-3. EXAMPLE OF THE EFFECT OF LI GHTI NG SYSTEM

ORI ENTATI ON ON AN | NSPECTI ON SURFACE
(Courtesy of Ceneral Electric Conpany)

e. Cassification of Visual Tasks and Liahtina Technigues.
Visual tasks are unlinited in nunber, but some _can be classified
according to certain comon characteristics. The detail to be

seen in each group can be enphasized by an application of certain
lighting fundanentals. Table 3-4 classifies tasks according to

their physical and light-controlling characteristics and suggests
l'ighting techniques for good visual perception.
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TABLE 3-4.

(Sheet 1 of 3)

AC 43-204

CLASSI FI CATI ON OF VI SUAL TASKS AND SUPPLEMENTARY
LI GHTI NG TECHNI QUES

PART 1 FLAT SURFACES

CLASSIFICATION OF
VISUAL TASK

EXAMPLE,

SUPPLEMENTARY LIGHTING TECHNIQUE

General

Lighting

Luminaire

Characteristics Description Reqguirements Type* Locate Luminajre

A. Opaque Materials

1. Diffuse detail and Hackground

Unbroken surtace Reading ADs High visibility S-I111 or 5-11 To prevent direct
or SBs with comfort qlare and shadows

Broken surtace Scratch or To emphasize sur- S-1 To direct light
crack on face break obliquely to the
anodized surface

aluminum

7. Mirror finish detail] and background

Unbbroken surface Dent, warps, Emphasize uneven- S-v So that image of
uneven sur- ness source and pattern
face in skin is reflected to
panels cye

Broken surface Scratch, Create contrast of 5-111 or 50 detail appears

scribe, en- cut against mirror bright against a

graving, finish surface dark background

punch mark:s,

Cracks S=1V or 5-V S0 that image of
when not prac- source is re-
tical to ori- tlected to eye and
ent task break appears dark

Mirror finish coating Inspection To show up uncov- S5-1V with For reflection of
over mirror finish of finish ered areas color source source image to-
background plating over selected to ward the eye
underplating create maximum
color contrast
between two
coal ings
3. Combined mirror finiph and diffuse burfaces
Mirror finish detail on | Shiny ink on To produce maximum S-111 or S-1V S50 direction of
diffuse, light back- anodized contrast without reflected light
ground aluminum verling reflec- does not coincide
tion:g with apngle of view
Mirror finish detail on Punch or To create bright S=-11 or s5-111 S0 direction of
dirttuse, dark back- scribe marks reflection from reflected light
grovnd on dull detarl from detail coin-
metal cide with angle of
v1iew
Diffuse detail on mir- Graduation To create a uni- 5-1V or s§-111 S50 direction of
ror finish, light back- | on a steel form, low bright- reflected light
ground scale ness reflection does not coincide
from mirrored with angle of view
background
Diftuse detail on mir- Wax marks on To produce high S-1I11 or §-11 So direction of
ror finish, dark back- alrcraft brightness ot de- reflected light
ground painted sur- tarl against dark does not coincide
face background with angle of view
B Translucent Materialb
1. With diftuse sur- Frosted or Maximum vigibility Treat as opaque, diffuse surface
face etched glass ol surface detay! (see A-1)

or plastic,

light weight Maximum visibility Transtlluminate behind material with

fabrics of detail within s-11, S§-111, or $-1V

material
7. With dittuse sur- Scratch on Maximum visibility Transilluminate behind material with
{ace opal glass of detall within 5-11, $-111, r S-1V
or plastic materlal
Maximum visibiality Treat as opaque, mirror finish sur-
of surface detarl face - See A-2
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CLASSI FI CATI ON OF VI SUAL TASKS AND SUPPLEMENTARY
LI GHTI NG TECHNI QUES

PART I FLAT SURFACES (Conti

uedl

CLASSI FICATION OF

VI SURL TASK EXAMPLE SUPPLEMENTARY LIGHTING TECHNIQUE
General Lighting Luminal re
Characteristics Description Requirements Type* Locate Luminaire
9 Transparent Materials
Clear material with Plate glass T 0 produce visi- S-V and S-I Transparent mate-
mirror finish surface bility of details rial should move
within material in front of Type
such as bubbles, s-v, then in front
and details on of black back-
sur{ ace such as ground With Type
scratches $-1 direct cd
obliquely. ‘I'ype
S-1 should be di-
rected to prevent
glare
D. Transparent over Opaque Mat erials
1. Transparent mate- Instrument Maximum visibility | S-I SO reflection of
rialoveradiffuse panel of scale and source does not
background pointer without coincide with an-
veiling ref lec- gle of view
ti1ons
Varnished Maximum visibility S-V So that image ot
wing spar of detail on or in source and pattern
the transparent is reflected to
coating or on the the eye
diftfuse background
emphasis of uneven
surface
7. Transparent mate- Glass mirror Maximum visibillity 5-1 So reflTection of
rial over a mirror f{in- of detarl on or in source does not
ish background transparent mate- coincide with an-
rial gle of view. Mir-
ror should reflect
a black background
Maximum vigsibility § - V S0 that 1mage 0 f
otftdetarlonmil - source and pattern
ror { inish back- 1sreflectedt o
ground t he eye
PART I Il THREE DIMENSIONAL ORBJECTS

CLASSIFICATION OF

VISUAL TASK EXAMPLE SUPPLEMENTARY LIGHTING TECHNIQUE
General lL.ighting Luminaire
Characteristics Descri t 10on Requirements Type* lLocate Luminaire
A.  Opaque Materials
1 Diffuse detail and Dirt on a T 0 emphasize de- S-TTT or S-TI To prevent direct
vackground cast ing or tailwith a poor or glare and shadows
blowholes contrast
in a casting S-1 or In relation to task
to emphasize detail
by means of high-
1 ight and shadow
S-11l1 or s-11 | T o directultravio-

as a black

1 ight source
when object
has a f luo-
rescent coat-

ing

let radiationto all
point st 0 be checked
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CLASSI FI CATI ON OF VI SUAL TASKS AND SUPPLEMENTARY
LI GHTI NG TECHNI QUES

PART II THREE DIMENSIONAL OBJECTS

(Cont inued)

CLASSIFICATION OF

VISUAL TASK EXAMPLE SUPPLEMENTARY LIGHTING TECHNIQUE
General Lighting Luminaire
Characteristics Description Requirements Type* Locate Luminaire
2. Mirror finish detail|land background
d. Detail on the sur- Dent in pol- T o emphasize sur- s-v To reflect image of
face ished alumi - face unevenness source eye
num skin
Inspection To show up areas S-1V plus To ret lect image o f
of f inigh not proper ly proper color source to eye
plat 1ng over plated
underplating
. Detail in the sur- Scratcho r T o emphasize sur~ | $-1V To reflect 1mage of
face crack on f ace break sourcaeto eye
polished
aluminum
skin
3. Combinationmirror fihish and diffuse
a. Mirror finish de- Scribe mark To make line glit- S-III or S-II In relation to task
tailondiffuse back- on casting t er against dul 1 for best visibility.
ground background Adjustable equipment
often helpful.
Overheadt o retlect
1mage of sourcet o
cye
Iy, Dif fusc detai1 on Micrometer To creat e 1 uml nous S-1V ors-ili With axisnormal of
mit ror f inish back- scale backqround aqgainst micrometer
ground which scale mark-
1ngs can be scen
in high cont rast
B. Translucent Materials
I Di f fuse surface Interior To show imperfec- S-11I Behind or within for
lighting t 1tons in material transillumination
di f f users
7. Mirror finish sur- Glass en- To emphasi ze sur- S-V Overhead to reflect
lace closing face irregulari- image of source to
globe, tles vye
frosted lens
cover To check homogene- S-11 Behind or wit hin for
11y transillumination
C. Transparent Mat er ials
Clear material with Windshields T o emphasize sur- S-1 To be directed
m: rror f inish surface face 1rrequlari- obl iqucly to objects
ties
Behind for transil-
To emphasi ze S-IVor $-V lumination. Mot ion
cracks, chips,and of objects helpful
foreign particles
f. Quality of Illum nation. Quality of illum nation per-

tains to the distribution of _
The termis used in a positive sense and inplies that

nent .

| um nances

| um nances contribute favorably to visua

in the visual

per f or mance,
and esthetics for the specific
di rection,

have a significant

: ' such as visua
of fine details and need nuch nore

confort, ease of seeing, safety,

vi sual task invol ved. dare, diffusion

color, lumnance, and lum nance ratios all

fect on visibility and the ability to see easily,
qui ckly. Certain industrial seeing tasks

tion, require discernnent

careful analysis and higher
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Par 301

envi ron-
al |
vi sual

uni formty,

ef -
accurately, and
i nspec-

quality illum nation than others.

Page 73




AC 43-204 8/14/97

Whenever possible, the quality of illumnation for the particular
vi sual inspection task being perforned should be checked, includ-
ing the use of test parts with discontinuities of the type being
sought . Areas where the seeing tasks are severe and perforned
over long periods of tine require nmuch higher quality than where
seeing tasks are casual or of relatively short duration. I ndus-
trial lighting installations of very poor quality are easily rec-
ogni zed as unconfortable and are possibly hazardous. Unf or t u-
nately, noderate lighting deficiencies are not readily detected,
al though the cumul ative effect of even slightly glaring condi-
tions can result in substantial |oss of seeing efficiency and un-
due fati gue.

(1) dare, Ceneral. Gare is unwanted light in the
field of view which causes loss in visual performance and visi-
bility. It occurs when luminances within the visual field are
substantially greater than the anount of |um nance to which the
eyes are adapted. It can be caused by a source of |ight (direct
glare) or can be reflected from any surface in the room including
the task (reflected glare).

(2) Direct Gare. Direct glare is often the result of
the lumnaire not shielding the lanp from view (see Figures 3-4A

and 3-4B). It maybe noticeably severe with lanps of high [um -
nance val ues. For exanple, a clear 250-watt, high-pressure so-
diumlanp that emts 27,500 lunens from a cigarette-size arc tube
will be much brighter than a 400-watt, netal-halide lanp emtting

36,000 lunens from a nel on-size, phosphor-coated |anp envel ope.
Portions of somemrrored reflectors can reflect an overly bright
imge of the lanp (see Figure 3-4C). Lens-enclosed |umnaires
may el i m nate bare-lanp brightness, but can thensel ves cause di-
rect glare at certain angles. Fl uorescent lumnaires, with their
relatively lowbrightness lanps, usually will be less glaring.
Avoiding direct glare is sinply a matter of choosing the right
lumnaire and its | ocation

(3) Reflected Jare (Veiling Reflection). Ref |l ect ed
glare is sonewhat nore insidious than direct glare. | mages of
the lanps or the luminaires are reflected from the view ng task
(see Figure 3-4D). These veiling reflections can be severe
enough to cause errors during visual inspection. The foll ow ng
suggestions are provided for avoiding reflected glare:

o Change the position of the viewng task and/or the
of fending luminaire(s), if practicable. This wll
change the angular relationship between the Iight
source, task, and observer, thereby directing the
of fending refl ection el sewhere.

e Use a dull or matte finish, not a shiny one, on
surfaces surrounding the task such as the machin-
ery, tools, benches, walls, etc.
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e Replace clear lanps with diffuse-coated ones.

A —

5 e’ i
A\

-

FIGURE 3-4. EXAMPLES OF DI RECT AND REFLECTED GLARE
(Courtesy of GCeneral Electric Conpany)

« Change the lighting system if required. For ex-
anple, replace H D downlight lumnaires with those
that have large-area |lenses (large surfaces wll
be less bright and reduce reflections) or with
fl uorescent.

e Use a large-area fluorescent |ighting system The
reflections will be uniform and [ow in |um nance.
A translucent panel system is often recommended
for inspecting mrrored netal and plastic articles
for surface defects.
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o« Use specialized supplenentary |ighting where the
glare problemis I[imted to a few | ocations.

g. Lumnaire Shielding. The purpose of a lumnaire is to
control or direct the light from the |anp. This is acconplished
by the size, shape, and material of the reflector and auxiliary
devi ces such as baffles, |ouvers, lenses, and diffusers.

For industrial lighting applications, including inspection areas,
shielding should be at |east 25 degrees and preferably approach-
ing 45 degrees (see Figure 3-5), especially in areas of high il-
| um nation levels or with high-brightness |anps. Fl uor escent
fixtures mght also require crosswi se baffles or louvers if in-
spection personnel view the |anps |engthw se. At | ow nounting
hei ghts, well-shielded, narrowbeam |um naires, particularly H D
may produce puddles of light at the viewi ng task |evel. | f w der
beanspread and better uniformty is obtained by reducing shield-
ing, the visible bare |anp becones glaring. The follow ng recom
mendations are provided for avoiding this problem

(1) Low Munting Heights. Install HI D lumnaires that
have been designed for |ow nounting heights. These have | arge
dianeter reflectors and refractors that provide the w despread
beam Because the light fromthe lanp is spread over the refrac-
tor's much larger areas, it in effect becones the |ight source.
Therefore, the brightness is diluted and reduced to tolerable
| evel s. Brightness will vary with the lanmp's output and the size
of the refractor.

(2) Narrow Beam Lum naires. Use nore of the same nar-
rowbeam lum naires, but with |ower-wattage |anps and cl oser
spaci ng. Properly selected, there will be both acceptable over-
| ap and reduced direct glare. Fl uorescent |anps, even though
they are inherently lower in brightness than H D |anmps, should
have deep reflectors and |ateral baffles.

Chap 3
Page 76 Par 301



)

8/14/97 AC 43-204

e

FIGURE 3-5. EXAMPLE OF LUM NAI RE SHI ELDI NG ANGLE
(Courtesy of General Electric Conpany)

h. Uniformity of Illum nation. Uniformty refers to the
variations in illumnation |evels that occur at the work plane,
typically with the highest level under the lumnaire and the | ow
est in between |um naires. The I ES considers illumnance to be
uniformif the maximum level is not nore than one-sixth above the
average level; or the mninmm one-sixth below.  Uniform horizon-
tal illumnation is called for in nost lighting designs where
seeing tasks require the sanme |evels. Cl oser spaced lumnaires
inprove uniformty and ensure continued illumnation in the event
one or two lumnaires are tenporarily extinguished. Using | ES
recomrended reflectances (see Table 3-5) helps inprove uniformty
and hel ps reduce unwanted shadows. Ceilings should be painted a
flat white to reduce contrast between fixture and ceiling and to
increase illumnation. The key to satisfactory uniform |ighting
is to observe the fixture manufacturer's reconmended maxi nmum

spaci ng-to-nounti ng-height ratio or a simlar guide, the spacing
criterion.
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TABLE 3-5. RECOWMENDED REFLECTANCE VALUES FOR | NDUSTRI AL

LI GHTI NG
SURFACES REFLECTANCE"

(Percent)

Cei ling 80 to 90

Wal | s 40 to 60

Desk and bench tops, nachines 25 to 45

and equi prent

FI oors not |ess than 20

et e ctanee shousd e maintained as o near oas practical to o recommended values,

(1) Maintaining Uniformtyv. Mai ntaining uniformty of
illum nation between adjacent areas which have significantly dif-
ferent visibility and illum nation requirenments m ght be wasteful
of energy; for exanple, a storage area adjacent to a machine
shop. I'n such instances, it is prudent to design and apply non-
uniform lighting between those areas. It may be acconplished by
using lumnaires of different wattage and/or by adjusting the
nunber of lumnaires per unit area. Local lighting restricted to
a small work area is unsatisfactory unless there is sufficient
general illum nation.

(2) Harsh Shadows. Har sh shadows shoul d be avoi ded,
but sone shadow effect nay be desirable to accentuate the depth
and form of objects. There are a few specific visual tasks where
clearly defined shadows inprove visibility and such effects
shoul d be provided by supplenentary |ighting equi pnment arranged
for the particul ar task. Figures 3-6 and 3-7 illustrate how
shadows can aid or hinder the seeing of details. In the case of
curved and faceted surfaces which are polished or sem polished,
the direction of the lighting is inportant in controlling high-
l'ights. Some shadow contributes to the identification of form
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FIGURE 3-6. HARSH SHADOWNS PRCDUCED BY UNI DI RECTI ONAL
| LLUM NATI ON (Left) AND SOFT SHADOANS PRCDUCED
BY DI FFUSE | LLUM NATI ON
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FI GURE 3-7. MJULTIPLE SHADOWNS (Upper Left) ARE CONFUSI NG
SI NGLE SHADOWS (Center) MAY CONFUSE, BUT CAN
HELP; DI FFUSED LI GHT (Lower Right) ERASES THE
SHADOWS

(3) Brishtness. Brightness is the strength of sensa-
tion which results from view ng surfaces or spaces from which
light cones to the eye. This sensation is determned in part by
| um nance (which can be neasured) and in part by conditions_ of
observation, such as the state of adaptation of the eye. The eye
responds to differences in brightness or contrast. I'nproving the
contrast of the seeing task is the goal of the lighting designer,
However, extrene variations in brightness in the surrounding
field of view can nmake seeing nore difficult or even unconfort-
abl e. The eye becones tired when the pupil has to adjust con-
stantly fromlight to dark and back again. As recommended by the
IES, the ratio of the lum nance of the seeing task to the sur-
roundi ng areas for confortable seeing is showm in Table 3-6.
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TABLE 3-6. RECOMVENDED MAXI MUM LUM NANCE RATI OS FOR
| NDUSTRI AL LI GHTI NG

Envi ronnental C assification?*
A B C
1. Between tasks and ad- 3 to 1 3 to 1 5 to 1
j acent darker surroundings
2. Between tasks and ad- 1 to 3 1 to 3 1 to 5
jacent |ighter surround-
i ngs
3. Between tasks and nore 10 to 1 20 to 1 +
remote, darker surfaces
4. Bet ween tasks and nore 1 to 10 1 to 20 +
renote, lighter surfaces
5. Bet ween | um naires 20 to 1 + +
(wi ndows, skylights, etc.)
and surfaces adjacent to
t hem
6. Anywhere w thin nornal 40 to 1 + +
field of view
Classitications are:
A Interior areas where retlectances of entire space can be controtled in line with recommen-
dations for optimum seceing conditions.
1) Arcas where reflectances of immedliate work area can be controlled, but control of remote
surroundings 1s limited.
Areas {(indoor and outdoor) where 1t 15 completely impractical to control retlectances and

difficult to alter environmental condlitions.
+ LLuminance ratio control not practical.

i. Color. Accurate color identification is required for
many visual inspection tasks of aircraft and related articles
(color-coded electronic wiring and tubing, paint, penetrant and
magnetic particle inspection indications, corrosion, safety
signs, etc.). The inspectors' reaction to various colors and how
they feel about the area can also be inportant. Most character -
istics of a light source can be anal yzed objectively; however,
color and color-rendering properties are nmuch nore subjective.
Additional information on color, is provided by the IES in its
handbooks on 1ighting.

(1) Chromaticity. Chromaticity or color tenperature
(whiteness) of a light source sets the tone of the space: warm

(yell ow, pink) or cool (blue, green). It is nmeasured in Kelvins
(K). The warner the appearance, the |ower the nunber; the higher
t he nunber, the bluer or cooler the color. Figure 3-8 shows the

approximate color tenperatures in Kelvins of several electric
i ght sources and daylight.
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— 11
— 20000 —
- — Blue northwest sky
— -
- —
— 15000 —
o - Blue sky with thin
. . white clouds
B B Blue sky
+— 10000 — _
£
r q®
—— 9000 — =
4o
7500K —— 8000 —
nign CRI fluorescents — Average north sky
7000 — Uniform
- = overcast sky
Short arc xenon —— 6000 —
- —
5000K Average noon sun
high CRI fluorescents t»— 5000 — Average mixture of
b v sun and skylight
cw & cwx - n
fluorescent lamps
—— 4000 — Deluxe
o white mercury
. n Warm
deluxe mercury
WW & WWX b
fluorescent lamps _’_ 3000 — 100-watt
incandescent lamp
r ] 25 watt
b incandgescent lamp
L
High pressure sodium
—— 2000 — Candle tlame
UIN

FIGURE 3-8. CORRELATED COLOR TEMPERATURE IN KELVINS OF
SEVERAL ELECTRIC LIGHT AND DAYLI GAT SOURCES

(2) Col or- Renderi ng. Anot her inportant quality of a
light source is its ability to render the color of objects in a
natural or famliar way. This is usually expressed in ternms of a
color-rendering index, or how well a lanp conpares with a refer-
ence source of the sanme color tenperature. The higher the num
ber, the nore nearly like the reference source. Fl uor escent
| anps are available in a wide range of color tenperatures and
color-rendering capabilities. Wen good color-rendering is ex-
trenely critical for inspection operations, daylight-sinulating
| anps are reconmmended. H gh-intensity discharge |anps trade-off,
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color-rendering for high efficiency and render colors in the good
to poor range, however, metal halide |anps are the preferred HD

source where color-rendering is inportant. Addi tional infornma-
tion on light source color-rendering is provided by the IES in
its handbooks on lighting and in technical literature available

from manufacturers of |ight sources.

(3) 1llum nance Levels. The lighting recommendations in
Table 3-1 and Table 3-4 provide a guide for efficient visual per-
formance rather than for safety alone; therefore, they are not to

be interpreted as requirenents for regulatory mnimm illum nance
| evel s.
Types of Lighting Eguipment. The manner in which |ight

is control | ed by the lighting equipnent governs to a |arge extent
the inmportant effects of glare, shadows, distribution, and diffu-

si on. Lum naires are classified in accordance with the way in
which they control the light. Figure 3-9 gives the standard In-
ternational Commi ssion on Illumnation (CIE) classifications for

interior lighting equipnent.

0-10%

’ﬁw:liiﬂm

» 1y W e

40-60%

DIRECT-INDIRECT SEMI-INDIRECT INDIRECT

FIGURE 3-9. | NTERNATI ONAL COMM SSI ON ON | LLUM NATI ON LUM NAI RE
CLASSI FI CATI ONS FOR GENERAL LI GHTI NG

(1) Lighting Aoglications. Mst aircraft maintenance
lighting applications call for either direct or sem-direct types
of illum nation. I ndustrial lumnaires for fluorescent, high-
intensity discharge and incandescent filament |anps are avail able
with upward |ight conmponents which contribute to visual confort
by bal ance of luminances between lum naires and their back-
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gr ounds. Figure 3-10 shows some typical lanmp and fixture |ight
di stribution curves. Lum naires also require adequate shielding
for visual confort (see Figure 3-5). The shielding angle is par-

ticularly inmportant for higher |um nance sources. Good environ-
mental |um nance relationships can also often be achieved with
totally direct lighting if the illum nances and room surface re-
fl ectances are high.

LAMP AND FIXTURE TYPE

HID FLUORESCENT HID

é S5
7 Zj é o

ID
\

™

\
.

CANDLEPOWER DISTRIBUTION

SPACING-TO-MOUNTING-HEIGHT RATIO

07 1.0 1.3 1.9

FI GURE 3- 10. TYPI CAL LAMP AND FI XTURE LI GHT DI STRI BUTI ON CURVES
(Courtesy of GCeneral Electric Conpany)

Lum naires with upward conmponents of light are preferred for nost
areas because an illumnated ceiling or upper structure reduces

| um nance ratios between lum naires and the background. The up-
ward |ight reduces the dungeon effect of totally direct l|ighting
and creates a nore confortable and nore cheerful environment as
shown in Figure 3-11. It shows the inportance of a white ceiling
in an industrial facility under construction. Note the inproved
visual environment in the right bay (where the painters have fin-
ished the ceiling) conpared with that in the left bay (as yet,
unpai nt ed) . The illum nance in the right bay is also substan-
tially higher.
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* i ™

FIGURE 3-11. |LLUSTRATION OF THE | MPORTANCE OF A VWH TE CEI LI NG

FOR | MPROVI NG THE VI SUAL ENVI RONVENT OF AN | NDUSTRI AL
FACI LI TY

(Courtesy of Ceneral Electric Conpany)

(2) Luminaire Ton Openings. Top openings in lumnaires
generally mnimze dirt collection on the reflector and |anp by
allowing an air draft path to nove dirt particles upward and
through the lumnaire to the outer air. Therefore, ventil ated
types of lum naires have proven their ability to mnimze mainte-
nance of fluorescent, high-intensity discharge, and incandescent
filament types of |umnaires. Gasketed dust-tight lumnaires are
also effective in preventing dirt collection on reflector and
| anp surfaces.

(3) High Humidity or Corrosive Atmosphere and Cassified
Hazardous) Loocation [Liiahtting The National Fire Protection As-

sociation (NFPA) is phasing out the word "Hazardous" for the word
"Classified."

« Noncl assified Areas. Encl osed gasketed |um naires
are used in nonclassified areas where atnospheres
contai n nonflamrabl e dusts and vapors or excessive
dust. Encl osures protect the interior of the 1lu-
mnaire from conditions prevailing in the area.
Severe corrosive conditions necessitate know edge
of the atnospheric content to permt selection of
proper material for the |lumnaire.
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e (Cassified Areas. Classified locations are areas
wher e at nospheres contain inflammable dusts, va-
pors, Or gases in explosive concentrations. They
are grouped by the National Electrical Code on the
basis of their hazardous characteristics, and all
el ectrical equipnment should be approved for use in
specific classes and groups. Lumnaires are
avai l able, specifically designed to operate in
these areas, which are noted in Article 500 of the
National Electrical Code as Cass I, Cass Il, and
Class Il locations. Lum naires used in these ar-
eas are designated as: explosion-proof, dust-
tight, dust-proof, and enclosed and gasket ed.

(¢4) Oher Factors. In selecting industrial |ighting
equi pnent, the followng other factors |lead to nore confortable
[ighting installations:

e Light-colored finishes on the outside of lumi-
naires to reduce |lum nance ratios between the out-
side of the lumnaire and the inner reflecting
surface and |ight source.

e Higher nmounting heights to raise lum naires out of
the normal field of view

e Better shielding of the light source by deeper re-
flectors, cross baffles, or |ouvers. This 1s par-
ticularly inportant with high-wattage incandescent
filament or high-intensity discharge sources and
t he hi gher output fluorescent |anps.

e Selecting light control material, such as mrrored
or nonmrrored alumnum prismatic configured
glass, or plastic that can limt the lumnaire |u-
m nance in the shiel ded zone.

k. Supplementary Lishting. Difficult seeing tasks often re-
quire a specific amount or quality of lighting which cannot read-
ily be obtained by general |ighting nmethods. Supplenentary lumi-
naires are often used to solve such problens by providing higher

i | luminances for small or restricted areas. Supplenmentary lumi-
naires are also used to furnish a certain |umnance, color, or to
permit special ainming or positioning of |ight sources to produce

or avoid highlights or shadows to best portray the details of the
t ask. Figure 3-12 shows exanples of placenment of supplenentary
| um naires.
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Examples of placement of supplementary luminaires: a. Lumlinaire located to prevent veil-
ing reflections and reflected glare: reflected light does not coincide with angle of view. b. Reflected
light coincides with angle of view. c. Low-angle lighting to emphasize surface irregularities. d. Large-
area surface source and pattern are reflected toward the eye. 6. Translllumination from diffuse
source.

FI GURE 3-12. EXAMPLES OF PLACEMENT OF SUPPLEMENTARY LUM NAI RES

(1) Nature of Visual Task. Bef ore suppl ementary |ight-
ing can be specified, it is necessary to recognize the exact na-
ture of the visual task and to understand its light reflecting or
transmtting characteristics. An inmprovenent in the visibility

of the task will depend upon one or nore of the four fundanental
visibility factors: |um nance, contrast, size, and tine. Ther e-
fore, in analyzing a visual task, it may be found that seeing

difficulty is caused by insufficient |umnance, poor contrast
(veiling reflections), small size, or that the task notion is too
fast for existing seeing conditions.

(2) Planning of Supplementary Liahting. The pl anni ng of

suppl enentary lighting also entails consideration of the visua
confort of both those workers who benefit directly and those who
are in the inmmedi ate area. Suppl enentary equi pnment shoul d be
carefully shielded to prevent glare for the users and their asso-
ci ates. Lum nance ratios should be carefully controlled. Rat i os
between task and i medi ate surroundi ngs should be l[imted as rec-
onmended in Table 3-5. To attain these 1imits it IS necessary to
coordi nate the placenment of supplenentary and general |ighting.

(3) Lumnaires for Supplementary Liahting. The IES di-
vi des supplenentary lighting units into five major types accord-
ing to candl epower distribution and |um nance as foll ows:

e Type S-I-Directional: I ncludes all concentrating
units. Exanples are a reflector spot |anp or
units enploying concentrating reflectors or
| enses. Also included in the group are concen-
trating longitudinal units, such as a well-
shi el ded fluorescent lanmp in a concentrating re-
flector.
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Type S-11-Spread, H gh Lum nance: | ncl udes small-
area sources, such as incandescent or high-
intensity discharge. An open-bottom deep-bow
diffusing reflector with a high-intensity dis-
charge lanp is an exanple of this type.

e Type S-IIl-Spread, Moderate Lum nance: I ncl udes
all fluorescent units having a variation in lum -
nance greater than two-to-one.

e Type S-1V, Uniform Lum nance: I ncludes all wunits
having | ess than two-to-one variation of |um -
nance. Usually this lumnance is |less than 640

candelas per square foot. An exanple of this type
is an arrangenent of |anps behind a diffusing
panel .

e Type SV, Uniform Lumi nance Wth Pattern: A lumi-
naire simlar to Type S-1V, except that a pattern
of stripes or lines is superinposed.

1. Portable Luninaires. \Wenever possible, supplenentary
| um naires should be pernmanently nounted in the |ocation to pro-
duce the best lighting effect. Adjustable arns and swivels wll
often adapt the luninaires to required flexibility. Portable
equi pnent (see Table 3-7), however, can be used to good advantage
where it should be noved in and around novabl e machi nes or ob-
jects, such as in airplanes, or where internal surfaces should be
vi ewed. The |um naires should be nechanically and electrically
rugged to withstand possible rough handling. Lanps shoul d be
guarded and of the rough-service type. CGuards or other nmeans
shoul d protect the user from excessive heat. Precautions should
be taken to prevent electrical shock. Cords should be rugged and
i nsul ati on should conform to environnental requirenents.
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TABLE 3-7. TYPICAL PORTABLE LUM NAI RES FOR SUPPLENMENTARY
LI GHTI NG (Sheet 1 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

ADJUSTABLE ARM LI GHTS

a. Gooseneck Lights. These lights have an
adj ust abl e gooseneck and are available with L /
hi gh-intensity or standard incandescent i

| anps. They are also available with mag- i
netic base, table base, C-clanp nount, and
expl osi on- proof housi ngs. They operate on
120V AC.

b. Floating Arm Lights. These lights are
avail able with high-intensity fluorescent
or standard incandescent |anps and have a ,/&

floating amthat is adjustable by lightly '
touching with a finger. They are also
avai l abl e with magnetic base, caster base, \

wei ght ed base, table base, universal nount,
and wat er proof or expl osi on-proof housings.
They operate on 120V AC.

c. Adjustable High-Intensity Lights. This
has a five-position switch that provides
varying light intensities. The amm has an
18-inch reach and swi vels 360° horizontally
and vertically, elimnating wire twist. It
operates on 120V AC

d dip-On Lights. These lights are

avail able with high intensity or standard

i ncandescent | anps and have a spring-I| oaded
clip to attach practically anywhere.

Li ghts have an adjustable shade to allow
directing of light beam They operate on
120V AC.

PORTABLE UTILITY LIGHTS

a. Caddy-Munted and Tri pod-Base Lights.
Caddy-mounted and tripod-base lights are
avai l abl e with standard incandescent, fl uo-
rescent and high-intensity |anps. They op-
erate on 120V AC
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLEMENTARY
LI GHTI NG (Sheet 2 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

PORTABLE UTILITY LIGHTS (Continued)

b. Sel f - Powered Fl ood Lights. Self-
powered |lights are available with gasoline
or diesel engines and netal nalide or high-
pressure sodi um | anps. They have a tele-
scopi ng base that is adjusted with a wi nch
and two sem -pneumatic tires. They are
avail able with 120- and/or 240-V AC out-
lets.

f- Rl

c. High Pressure Sodium Light Cart. The
light cart produces high-intensity l|ighting
with a w de-angle beam The light has a
tenmpered glass lens with a wire guard and
the cart has two lo-inch wheels and a
heavy-gauge steel frane with a handle for
easy portability. The cart operates on
120V AC.

d. Pol ygon Quartz Hal ogen Floodlights. A
pol ygon-shaped frame can be positioned on
any of five sides to aimthe |ight beam
where it is needed. A hal ogen lanmp is sus-
pended between springs for maxi mum i npact
and vi bration resistance. It operates on
120V AC and is UL listed for wet |ocations
i nsi de and out doors.

e. Hi gh-Intensity Floodlights. These
lights have up to 500 watts of high-
intensity illumnation in rugged easy to
carry units with fixed or bolted-down
swi vel base. They operate on 120V AC.

f. Expl osi ve- Proof Fl oodl i ght. Thi s

floodl i ght has a cast al um num housing wth
a heat and inpact-resistant glass |ens.

The light moves 135" vertically in a yoke
and the base swivels 360° and can be bolted

down, It uses incandescent medi um base spot
or flood lanps and al so accepts reflector
spot or flood | anps. It operates on a

maxi mum of 600V AC and it is UL standard
844 listed Cass | Goups C and D for 150-
watt lanps and Class |, Goup B for 300-
watt | anps.
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLEMENTARY
LI GHTI NG ( Sheet 3 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

PORTABLE UTILITY LIGHTS (Conti nued)

g. Corrosion-Resistant Floodlights. Thi s
Fl oodlight is suitable for use in danp,
corrosive conditions. The fixture has a
protective wire guard, a |locking base, and
a plastic carrying handle. It operates on
120V AC and UL |i sted.

I NCANDESCENT TROUBLE LI GHTS

a. Cener al - Purpose Troubl e Light. These
general purpose heavy duty lights use 100-
watt incandescent |lanps. They operate on
120V AC, neet OSHA specifications and are
UL |isted.

b.  Vapor-Proof Trouble Lights. These
lights are available with a tenpered gl ass
or plastic globe that screws into the han-
dle to forma vapor-proof seal. They use a
100-watt |l anp and operate on 120V AC. They
are UL listed for enclosed and gasketed
fixtures and neet OSHA and National El ec-
trical Code (NEC) requirenents.

c. Flood and Spot Troubl e Light. Thi s
light uses a flood or spot |amp and has a
wel ded netal guard. This trouble |ight op-
erates on 120V AC, neets OSHA specifi ca-
tions, is UL listed and CSA approved.

d. Magnetic Base Trouble Lights. These
trouble lights can be hung by a sw vel hook
or attached to a ferrous surface with a
magnet built into the handl e base. They
operate on 120V AC, use a 75-watt bulb and
are UL listed.

e. Hazar dous Location Troubl e Light. Thi s
trouble light is spark and weat her resis-
tant with an al um num guard and swi vel

hook. It operates on 120 volts AC. It is
UL listed for Standard A21 incandescent
lanmps up to 100 watts and Class Il, Goup G

using a 75-watt A21 | anp.

f. Coiled Cord Trouble Light. This trou-

ble light has a coiled cord that resists '
ki nks and knots. The 75-watt |ight oper-

ated on 125V AC. neets OSHA specifications

for general use and is UL listed. ‘
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLEMENTARY
LI GHTI NG ( Sheet 4 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

I NCANDESCENT TROUBLE LIGHTS (Contl nued)

g. TrimlLine Nonconductive Trouble Light.

This light is conpletely insulated and j
won't spark. The light has a flexible,

oilproof rubber handl e and a tubul ar nylon

guard. The light uses a 7C7 7-watt incan-

descent | anp and operates on 120V AC

FLUORESCENT TROUBLE LI GHTS

a. Watertight Trouble Lights. These
lights have a butyrate shield and neoprene
rubber end cap and handl e seal to keep out
wat er and danpness. They have hi nged hooks
on the end cap and handle that allow them
to be easily positioned in the work area.
They are available with 20-watt or 40-watt
T-12 fluorescent |anps, operate on 120-V AC
and are FM approved

b. Coi l ed Cord Troubl e Light. This small
light slips into hard-to-reach, hard-to-

i ght places. It has a coiled tangle re- ‘
sistant cord that extends up to 13 feet. A

butyrate shield protects the lanp from di- 4 “_~/)
rect contact. It is available with 6-watt ¢ !

and R-watt T-5 fluorescent |anps. It oper- / \Sﬁmmmga

STLILA

ates on 120V AC and is FM approved.

c. Magnetic Base trouble Light. Thi s
fluorescent |ight can be stuck to ferrous
surfaces and has an arm and adj ustabl e
bracket for quick secure positioning. It
has an 8-watt |anp protected by a shatter-
proof plastic tube. It operates on 120V AC
and is UL |isted.

.

d. Conpact Troubl e Light. The 4-watt
nmodel has no exposed netal beyond the bal -
last; 8-watt nodel has a grounded netal re-
flector. It is available with a magnetic
hol der. Lights comewith an 18-foot SJ
cord and pl ug. The dianeter is 1 5/16

i nches and the length is from 10 inches (4
watt) to 15 inches (8 watt). It operates
on 120V AC.
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLEMENTARY
LI GHTI NG (Sheet 5 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

FLUORESCENT TROUBLE LI GHTS (Conti nued)

e. Cordl ess Rechargeabl e Troubl e Light.
This light provides the conveni ence of go-

i ng anywhere wi thout the hassle of an el ec-
trical cord. The |ight operates for about
two hours before needing a recharge and can
be recharged in three hours. It had a 6-
watt 3.6 hal ogen | anp, protected by a
stainless steel wire guard. The body is
made of durable antishock plastic. Overal |

length is about 14 inches. Li ghts cone
with three 1.2v rechargeabl e nickel cadnmi um v
batteries with a rated life of 8 years. It

is available for use with 120V AC or 12V DC
and cones with a battery charger. It is UL
listed.

f.  Conpact Tw n-Tube Troubl e Light. The
light has a 13-watt doubl e tube fluorescent
lanp to provide twice the illumnation of
other lights of the sane size. It has a
rubber handl e and end cap and inpact resis-
tant plastic tube shield with built-in re-
flector. The overall size is 14 inches
long by 2 9/16 inch dianeter. It operates
on 120V AC and is UL listed and CSA certi -
fied.

g. Hazardous Location All-Purpose Trouble
Li ght . This light has a non-sparking all
al um num body wi th anneal ed gl ass | anp
shield and built-in reflector. The lanmp is
protected by shock absorbers and an al um -
num guar d. The light is 27 inches |ong by
3 1/4 inch diameter with a 15-watt T-8

| anp. It meets National Electrical Code
Class I, Div. 1 and 2, Goup D, dass IlI,
Div. 1 and 2, Goups E, F, and G d ass
11, Div. 1 and 2. The cord, ballast, and
[amp unit are FM approved.

h. Hazar dous Location Conpact Twi n-Tube
Trouble Light. The light has bunper guards
and end caps to protect against damage from
falling objects, bumping, and dropping.

The anneal ed gl ass gl obe is protected by an

al um num guard. It is 14 3/4 inches |ong
by 3 1/2 inch dianeter and cones with a
16/3 SO cord and 13-watt | anp. It operates
on 120V AC, is FM approved, and neets Na-
tional Electrical Code Class |, Div. 1,
Groups Cand D dass Il, Div. 1, Goups E,
F, and G and dass Ill, Dv. 1.
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLENMENTARY
LI GHTI NG (Sheet 6 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

FI BBER- OPTI C | LLUM NATORS

a. Quartz Hal ogen Fiber-Qptic Illumnator. The illumnator is used to pro-
duce a high-intensity light beam from the tip of fibber optic bundles to

i ght hard-to-reach places. The light is cold after it passes through afi-
ber-optic lIight guide, which keeps heat away fromthe point of inspection.
The illum nator is equipped with a basic 0.625 inch opening with reducer
bushi ngs provided for adaptability to various other |ights guides. It has a
variable intensity control with preset divisions to allow for repetitive
presettings. The unit operates on 110-v, 60-Hertz AC, 2 anps. The lanp is
150 watt, 3350" Kelvin, 21V. Fi ber-optic guides and accessories are nor-

mal |y ordered separately.

b. Xenon Fiber-Optic Illumnator. This illumnator is twi ce the brightness
of the above quartz hal ogen unit. It is neant for applications where an ul -
tra-high intensity |ight source is necessary such as | ong borescopes that
use fiber-optic illumnation or for illumnating |ight absorbing materials.

The unit operates on 110V, 50/60-hertz AC, 6.2 anps. The lamp is a 300
watt, 6000" Kelvin, 35 to 50v DC. Fi ber-optic accessories are normally or-
dered separately.

FI BBER- OPTI C LI GHT GUI DES

a. Flexible Light Guides. These light guides are nmade to be used with fi-
ber-optic illum nators. These |ight guides are flexible and will not sup-
port thensel ves. They are generally used in applications where the |ight
guide has to be fastened to a part that is novable or they are used with a
i ght guide stand.

b. Light GQuide Stand. A light guide stand allows a flexible fiber-optic
light to be positioned where it is needed and al so has an adjustable |ens
that projects a clear circle of light that can be adjusted froma large area
to an intense spot. The stand has 6 1/4-inch vertical travel and 2-inch
hori zontal travel at the base, and 5 1/2-inch travel at the lens barrel. It
al so features 360" vertical and horizontal rotation

c. Free-Standing Light Guides. These light guides are made to be used with
fiber-optic illumnators and are adjustable at any angleto the workpiece
They can be used as secondary lighting to built-in illumination systens
where the primary light source is insufficient due to |ong working distances
or |ight absorbing workpieces. They are available in single or double

styl es.

| LLUM NATI ON ACCESSORI ES

a. Ring |llumnators. Ring illumnators are madeto be used with fiber-
optic illuminators. They provide a circle of light over 360" |eaving no
shadow pockets, which is not possible with other illunination systens. The
ring illum nator can be used as the prinme |ight source for measuring mcro-
scopes, monocul ar, or Sterno-view ng mcroscopes. Or as a secondary |ight
source for profile projectors, 35-nm caneras or closed-circuit TV systens.

b. Mcro-Probe Illumination. These illum nation systens are used with fi-
ber-optic illumnators and areused in illunmnating ultra-snall holes and
cavities that pose special view ng problenms. Available probe diameter are
0. 032 and 0.120 inch.
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TABLE 3-7. TYPI CAL PORTABLE LUM NAI RES FOR SUPPLEMENTARY
LI GHTI NG ( Sheet 7 of 7)
(Courtesy of McMaster-Carr Supply Conpany)

I LLUM NATT ON ACCESSORI ES ( Cont I nued)

c. Co-Axial Illumnator. A co-axial illuminator is usedwith fiber-optic
iI'lum nators. It can illumnate the workpiece 10 to 12 inches andfurther
from the lens system. It is used where the workpiece needs illumnation
where a deep cavity is involved that the present ring illum nators or sepa-
rate fiber-optic bundles cannot illuninate properly as they are off the op-
tical axis. The unit is used for machine vision video applications, optical
conparators as well as m croscope usage provided that there is sufficient

m croscope wor ki ng di stances.

d. Back Light [Illumination System. The illuminator is used with fiber-
optic illumnators. It illuminates an area of 3square inches and can be
switched frombright field to dark field by a sinmple control knob on the
side of the unit. It can be used as an inspection tool for electronics
where dark field illumnation is desired and it can be used as background
illumnation for various mcroscopes and video applications.

m  Flashlights. Flashlights used for aircraft inspection
shoul d be suitable for industrial use and, where applicable,
safety approved by the Underwiters Laboratory or equivalent
agency as suitable for use in hazardous atnospheres. Mlitary
Specification MIL-F-3747E, Flashlights: Pl astic Case, Tubul ar
(Regul ar, Expl osi on- Proof, Expl osion-Proof Heat Resistant, Traf-
fic Directing, and |nspection-Light) provides requirenents for
flashlights suitable for use in aircraft inspection. However, at
the present time, the flashlights covered by this specification
use standard incandescent |anps, and there are no standardized
performance tests for flashlights with the brighter bulbs
(Krypton, Hal ogen and Xenon). Each flashlight manufacturer cur-
rently develops its own tests and provides information on its
products in its advertising literature. Therefore, when select-

ing a flashlight for use in visual inspection, it is sonetines
difficult to directly conpare products. The follow ng character-
istics should be considered when selecting a flashlight: foot -

candl e rating, explosive atnosphere rating, beam spread
(adjustable, spot, or flood), efficiency (battery usage rate),
brightness after extended use, rechargeable or standard batter-
ies, if rechargeable, how many hours of continuous use and how

| ong for recharging. If possible, it would be best to take it
apart and inspect for quality of construction and to use the
flashlight as it would be used in the field. | nspection flash-

lights are available in several different bulb brightness I|evels:
a. Standard incandescent for long battery life; b. Krypton for 70
percent nmore |ight than standard bulbs; c. Halogen for up to 100
percent nmore |light than standard bul bs; and d. Xenon for over 100
percent nmore |light than standard bul bs. Tabl e 3-8 shows sone of
the typical types of inspection lights that are avail able.
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TABLE 3-8. TYPI CAL | NSPECTI ON FLASHLI GHTS (Sheet 1 of 5)
(Courtesy of McMaster-Carr Supply Conpany)

ight has a ribbed-grip and a high-
npact thernoplastic body that resists
il, grease, chemcals, corrosion. and
shock. It is available with standard
filament bul bs or Krypton bul bs. It is
expl osi on-proof only with the standard
bul b and uses 2 or 3 D-cell batteries.

a. Ribbed-Gip Flashlight. This flash-
I
[
oi

Underwriter |aboratories (UL) |isted
Cass | Goups C and D (hazardous vapors
and gasses), and Cass Il Goup G Mne

Safety and Health Association {(MSHA) ap-
proved. The three D-cell nodel neets
Arerican Society for Testing and Materi -
als (ASTM F1014-86 Type II1I.

b. Expl osi ve At nosphere Fl ashlight.
This flashlight is suitable for use in
an expl osive atnosphere and has a high-
i mpact ABS resin body. It uses Xenon
bulbs and 3 or 4 C-cell batteries. The
three cell nodel has a pocket clip,
hanging ring, and wist |anyard. The
four cell nodel features a backup safety
swi tch and adjustabl e beam for spot to
f1ood. Factory Mutual (FM and M ne
Safety and Health Association (MSHA) ap-
proved, Class | Goups A B, C and D.
Canadi an St andards Associ ation (CSA)
certified.

c. Exw osive Atnmosphere Penlight. Thi s
flashlight has a pol ycarbonate resin

body and pocket clip. It is FM ap-
proved. Cass | Goups A, B, C and D.
Cass Il Goup G Cass IIl Div. 1 and

2. CSA certified.

d. Fl exi bl e Light Tool Kit. This |ight
tool kit includes: penlight wth exten-
sion mrror 1/8-inch-diameter by | o0-inch
flexible shaft six-inch handle and re-
covery nmagnet.
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TABLE 3-8. TYPI CAL | NSPECTI ON FLASHLI GHTS (Sheet 2 of 5)
(Courtesy of McMaster-carr Supply Conpany)

e. Ri ght Angl e Expl osi ve At nosphere

Fl ashl i ght . A two D-cell nodel with
standard bul b has a waterproof ABS plas
tic body and three-position switch. It
isuL listed, dass | Goups C, and D
and MSHA approved. A rechargeabl e npde
wi th hal ogen bul b has a waterproof high
i mpact nylon housing with o-ring seals.
It is FM approved for use in hazardous

| ocati ons.

f. Flexible Krypton | nspection Light.
This light contains a krypton bul b that
produces a | O OO0 candl epower beam The
lamp dianmeter is 3716 inch. The flash- / )
light is made of a brass alloy and has a

15-inch-long fl exi ble shaft that bends

and keeps its shape. It uses three AA

batteries.

g. Flexible Probe Flashlight. Thi s
flashlight stores a |o-inch-1ong neta
probe in the body which snaps out for
inspecting tight areas. The body is
plastic and has a metal hanging ring.

It uses two D batteries and a number PR-
2 (standard) bulb.

h. Pocket Flex Inspection Lights.
‘These lights can be clipped to a nearby
ispot | eavi ng both hands free while work
is acconplished. Fl exi bl e cabl es bend
@nd hold their shape. Cases are plas-
ftic.

e Anni-flex light has a head that
fits through 13/16-inch-diameter
openi ngs. Length is 9.8 inches. It
uses two AA batteries and a MB22NE
(standard) bulb.

¢ An extra power flex light fits
t hrough 7/8-inch-diameter openings.
Length is 7.5 inches. It uses three
AA batteries and M838G3E bul b.

An extra reach flex light has a s5/8-

i nch-di ameter bul b. Flexible cable is 8
i nches | ong. It uses two AAA batteries
and a E30111 bulb
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5)

i Ski nny Probe | nspection Light. Thi s
light has 44-inch-long flexible cable
and the |l anp head can pass through a
7/32 inch-di aneter opening. The | ong
cable lets you lower the bulb into deep
areas and put the flashlight case in
your pocket while working. The 3/16-

i nch-di ameter bulb is nounted on the end
of arigid 10-inch-long stem The unit
is inpact resistant, waterproot and

wi t hstands nmpbst chemicals. |t uses
three D batteries and « nunber 187
(standard) bulb

S

j. Explosion-Proof |nspection Light.
Thi s expl osi on-proof flashlight has a
14-inch rigid brass or flexible stem
that lets you exani ne fuel tanks and
other flammable liquid containers. It
uses three D batteries and a nunber 13
(standard) bul b.

k. Porta-Power Flex Lights. These in-
spection lights have a black anodi zed

al umi num case with sliding on-off

swi t ch. They focus with a twist of the
lens head for pinout or broad beam illu-
m nation and they are powered by two D
batteries; the lanp hcad fits through a
21/32-inch opening; t-hey use a nunber 14
{standard) bul b; and they are avail abl e
with flexible cable |l engths of 9, 18,

and 36 inches. A conbination unit is
avail abl e that has a 6-inch riqgid shatt
and a 9-inch flexible cable.

1. Inspection Light Accessories. Ad-
justable illumnating mrrors and nagni -
fiers are available for sone nodel in-
spection |ights. The glass mirror is

1 174 inch dianeter, has a stainless
steel back and nickel plated brass ex-
-ension arm Overall length is 4
inches. The illum nating magnifier has
1 st raight line viewing 6X | ens. it is
1 1/2 inch diameter with a polished op-
- 1cal glass lens.

O
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TABLE 3-8. TYPI CAL | NSPECTI ON FLASHLI GHTS (Sheet 4 of 5)
(Courtesy of McMaster-Carr Supply Conpany)

m. Illum nating and Magnifying Inspec-
tion Kit Al'l parts of this kit are in-
terchangeabl e, interlocking and chrome
pl)llated. X Itduses two D batteriebs Iagd a =r__

R-inch and 1/4-inch-diameter bul b.
The kit includes 0.1 inch and 0.3 inch “9-@"3\ v
dianeter rigid probes in lengths from 3 _—-—?
to 14 1/4 inches, a 0.3-inch-dianeter by ————"—"‘?
14 1/4-inch-1long flexible probe, an 8X ——_?
illuminated nagnifier; a 10X dupl ex mag-
nifier, and adjustable mirror for use on
the rigid probes, 0.9 and 1.5-inch-

di aneter short stem mirrors; recovery
magnet and hook; and accessory handl e.

n. Mni Bench Lights. These lights are
made to use at the workbench. Lanps can
enter a 21/32-inch openi ng. Each |ight
has a nonsparki ng al um num case with a
flexible cable (6, 9, or 12 inches |ong)
that bends and stays in position. The
electric bench light conmes with a 2.5-
volt transforner and switch for 110-volt
AC outl et. The 5/8-inch-diameter head
has a focusing ring for a circle of

l'ight or pinpoint beam The case is
shockproof and it uses a number 13
(standard) bul b. The battery operated
bench |ight uses two AA batteries and a
nunber 222 (standard) bul b.

o. Light Bender Inspection Kit. This
kit uses a penlight with a Lucite rod
and mirror to see around corners. It
uses one or two AA batteries. The kit
i ncl udes: one and two cell penlight; 6
and 2 1/2-inch-long straight Lucite
rods; clip-on mrror; 4-inch curved Lu-
cite rod; and soft plastic case.

p. Extended Reach Inspection Kit. Thi s
kit has up to five-foot reach inter-

changeabl e probes, each with its own at--

tached |ight. The kit includes; a five- ‘
foot flexible cable probe; a 12-inch [ 9.- Oy

straight and flexible probe; a five-inch O

angl e probe and two-inch bendabl e probe; mﬂ-‘

a 1.2-inch and 0.6-inch dianeter mrror; —

a 22-nun-dianeter mirror; magnifying

| ens; recovery magnet and hook; shrouded
and side aperture |anps; probe adapter;
and case.
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TABLE 3-8. TYPI CAL | NSPECTI ON FLASHLI GHTS (Sheet 5 of 5)
(Courtesy of McMaster-Carr Supply Conpany)

ights use standard two Mcell batter-
es and the beam adjusts from spot to

q. Twi st-Beam Penlights. These fl ash-
I
i
flood.

302. LI | YSTENS. Lighting systens are often classified
in accordance with their layout or location with respect to the
visual task or object lighted (general lighting, |ocalized gen-
eral lighting, local [supplenmentary] lighting, and task-anbient
['ighting). They are also classified in accordance with the CE
type of lumnaire used (direct, sem -direct, general diffuse
[direct-indirect], sem-indirect, and indirect), as shown in Fig-

ure 3-9. Lum naires for general lighting are classified by the
CIE in accordance with the percentages of total |um naire output
emtted above and bel ow hori zontal. The light distribution

curves may take many forns within the limts of upward and down-
ward distribution, depending on the type of light source and the
design of the lum naire. Light distribution curves for sone
typical lanp and fixture types that m ght be used for visual in-
spection tasks of aircraft and related articles are shown in Fig-
ure 3-10. Light distribution curves may be available in techni-
cal literature available from manufacturers of |ight sources.

Hori zontal tasks and high, narrow spaces can be nost efficiently
l[ighted with fixtures that concentrate nost of their I|ight

strai ght down. Such fixtures usually appear to be quite confort-
able. However, tasks that are nore vertical require |ight com ng
fromthe lumnaire at relatively high angles. Lumnaires emt-
ting light at high angles are apt to be excessively bright and
unconfortable unless carefully designed. Broad-distribution lu-
mnaires are nore effective in letting light out of the unit than
narrowdi stribution ones, but are less effective in getting |ight
to the horizontal work plane in high-bay, narrow spaces since
wal | s absorb a greater portion of the light. Mnufacturers gen-
erally provide a coefficient of utilization table, which is the
rati o between the anount of light or |unmens reaching the horizon-
tal task to the lunmens generated within the |um naire. The manu-
facturer's recomended spacing-to-height ratio (or spacing crite-
rion) indicates whether the output of the fixture is broad or

narr ow.
a. Ceneral Liahting. Ceneral lighting systens provide an
approximately uniform illum nance on the work plane over the en-

tire work area. The lum naires are usually arranged in a symmet-
rical plan fitted into the physical characteristics of the area
and therefore blend well with the room architecture. They are
relatively sinple to install and require no coordination with
furniture or machinery that may not be in place at the tine of
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installation. Per haps the greatest advantage of general |ighting
systens is that they permt conplete flexibility in task |oca-
tion.

b. Localized General Lishting. A localized general |ighting
system consists of a functional arrangenent of lumnaires wth
respect to the visual task or work areas. It also provides illu-

mnation for the entire room area. Such a lighting system re-
quires special coordination in installation and careful consid-
eration to ensure adequate general lighting for the room This
system has the advantages of better use of the light on the work
area and the opportunity to locate the lumnaires so that annoy-
ing shadows, direct glare, and veiling reflections are prevented
or mnimzed.

c. Local Lishting. A local lighting system provides |ight-
ing only over a relatively snmall area occupied by the task and
its inmediate surroundi ngs. The illum nation naY be from lumi-
nai res nmounted near the task or fromrenote spotlights. These
are an econom cal means of providing higher illum nances over a
smal| area, and it usually permts sone adjustnent of the I|ight-
ing to suit the requirenents of the individual. | npr oper adj ust -
ments may, however, cause annoying glare for nearby workers. Lo-
cal lighting by itself is seldom desirable. To prevent excessive
changes in adaptation, |local lighting should be used in conjunc-
tion with general lighting that is at |least 20 to 30 percent of
the local lighting level; it then becones supplenentary lighting.

d. Task-Anbient Lishting. Task-anbient lighting is a type
of lighting arrangenent where the lighting is built into the fur-

niture in an open plan office |ayout. Task lights are |ocated
close to work areas (as in local |ighting above) and are supple-
mented by indirect anmbient illumnation from sources concealed in
the furniture and directed to the ceiling (as in general lighting
above). These systens usually have extensive ceiling areas al-
nost totally devoid of |ighting equipnent. Electrical service to

the lighting equipnment is often through the fl oor.

e. Direct Lishting. Wien lumnaires direct 90 to 100 per-
cent of their output downward, they forma direct lighting sys-
tem The distribution may vary from wi despread to highly concen-
trated, depending on the reflector material, finish, and contour
and on the shielding or control nmedia enployed.

(1) Direct dare Control. Direct lighting units can
have the highest room utilization factor of all types, but this
utilization may be reduced in varying degrees by brightness con-
trol nedia required to mnimze direct glare. Direct glare may
al so be reduced by using area units with mninum nunber of | anps,
e.g., a two-foot-wide fluorescent unit with just two |anps.
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(2) Veiling Reflections. Veiling reflections may be ex-
cessive unless distribution of light is designed to reduce the
effect.

(3) Reflected dare and Shadows. Refl ected gl are and
shadows nay be problens unless close spacings are enployed.
Large area units are also advantageous in this respect. High-

refl ectance room surfaces are particularly inmportant with direct
lighting to inprove the brightness relationships, and higher il-
| um nances provided by controlled brightness equipnent will also
tend to inprove the brightness relationships throughout the room
Wth very concentrated distributions, care should be taken to en-

sure adequate wall |um nances and illum nances on vertical sur-
f aces.

(4) Qher Fornms of Direct Lishting. Lum nous cei l i ngs,
| ouvered ceilings, and |large-area nodular lighting elenments are
forms of direct lighting having characteristics simlar to those
of indirect lighting discussed in |ater paragraphs. These forns
of lighting are frequently used to obtain the higher illumi-

nances. Care should be taken to limt the |um nance of the
shielding nmedium to 80 candelas per square foot or less to pre-
vent direct glare if critical, prolonged seeing is involved. Re-
flected glare may be a problem with systens enpl oying cellular

| ouvers as the shielding nedium since the inmages of the |ight
sources above the louvers may be reflected by shiny surfaces at

t he work pl ane.

f. Semi-Direct Lishting. The distribution from sem -direct
units is predomnantly downward (60 to 90 percent), but with a

smal | upward component to illumnate the ceiling and upper walls.
The characteristics are essentially the same as for direct |ight-
ing, except that the upward conponent will tend to soften shadows
and inprove room brightness relationships. Care should be exer-

cised with close-to-ceiling nmounting of sone types to prevent
overly bright ceilings directly above the |umnaire. The room
utilization factor can approach or even exceed that of well-
shiel ded direct units.

g. GCeneral Diffuse Lighting. The lighting systemis classi-
fied as general diffuse when downward and upward conponents of
light from lumnaires are about equal (each 40 to 60 percent of
total lumnaire output). General diffuse lighting units conbine
the characteristics of direct and indirect lighting. The room
utilization factor is sonmewhat |ower than for direct or semi-
direct units, but it is still quite good in roons with high re-
fl ectance surfaces. Bri ghtness relationships throughout the room
are generally good, and shadows from the direct conponent are
softened by the upward light reflected from the ceiling.

(1) Drect Qare Control. Excel l ent direct glare con-
trol can be provided by well-shielded units, but short suspen-
sions can result in ceiling |um nances that exceed the lumnaire
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| um nances. G ose spacings or layouts that |ocate units so that
they are not reflected in the task result in reductions of re-
flected glare fromthe dowward conponent.

(2) Pendant Muntings. Lum naires designed to provide a
general diffuse or direct-indirect distribution when pendant
mounted are frequently installed on, or very close to, the ceil-
i ng. These type nountings change the distribution to direct or
sem -direct since the ceiling acts as a top reflector redirecting
the upward |ight back through the |um naire. Phot onetri c dat a,
obtained with the lumnnaire equipped with top reflectors or in-
stalled on a sinulated ceiling board, should be enployed to de-
termne the lumnaire characteristics for such application condi-
tions.

h. Direct-Indirect Lighting. Direct-indirect lighting is a
special (non-ClIE) category within the classification for lumi-
naires which emt very little light at angles near the horizon-
tal. Since this characteristic results in lower |um nances in
the direct glare zone, direct-indirect lumnaires are usually
nore suitable than general diffuse lumnaires which distribute
the light about equally in all directions.

i. Sem-Indirect Lishting. Li ghting systems which emt 60
to 90 percent of their output upward are defined as semi-
i ndirect. The characteristics of sem-indirect lighting are
simlar to those of indirect systems, except that the downward
conmponent wusually produces a lumnaire |um nance that closely
mat ches that of the ceiling. However, if the downward conponent
becones too great and is not properly controlled, direct or re-
flected glare may result. An increased downward conponent im-
proves utilization of |ight sonmewhat over that of indirect |ight-
ing. This factor makes sonmewhat higher illum nances possible
with fewer sem-indirect lumnaires and w thout excessive ceiling
| um nance.

j. Lighting for the Cathode Rav Tube (CRT). Cat hode ray
tubes are commonpl ace, with visual display units appearing on the
shop floor with ultrasonic equipnent, eddy current equi pnent,

vi deo adapters for borescopes and m croscopes, etc. Their typi-
cally convex surfaces act like curved mrrors that reflect |arge
areas of ceiling, walls, windows, and other room surfaces. |If
any of these surfaces are intrinsically bright, such as w ndows
and fixtures, or are brightly lighted, their reflected images
will reduce the visibility of the information being processed on
the screen and annoy the operator. The CRT problem could be
solved by turning off all the lights and shading the w ndows;
however, this is usually not practical. Many of the screen re-
flection problens can be reduced by the follow ng nethods:

_ (1) Screen Orientation. Proper screen orientation or
usi ng hoods or anti-reflection screens or filters.
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(2) Shades. Usi ng blinds, shades, or dark curtains to
hel p elimnate w ndow bri ght ness.

(3) Dark Colors. Finishing walls and other vertica
surfaces in darker colors.

14)  Worker d ot hing. Equi ppi ng operators w th dark
snocks.

(5) Lum naires. Using lumnaires with dark-tinted
| enses, deep parabolic baffles, or parabolic wedge |ouvers to
control fixture brightness. Bright |anp imges seen in shiny
surfaces directly beneath the fixture can be elimnated by |aying
a thin plastic diffuser on top of the lens or |ouver.

(6) 1ndirect Lishting. Wuen indirect lighting is used
to correct CRT reflection problens, |evels should not exceed 30
f oot candl es; otherw se, vertical surfaces get too bright. Cei l -
ing brightness should be uniformw th no hot spots. At this
| evel, supplementary task lighting often will be required

(7) Parabolic Lenses. Parabolic |enses can be used to
obtain levels up to about 100 footcandles. If higher levels are
needed for specific tasks, supplenentary lighting can al so be
used.

303.-399. RESERVED.
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CHAPTER 4. EQUI PMENT USED I N VI SUAL | NSPECTI ON

400. GENERAL. The follow ng chapter describes the various
aids to vision used in visual inspection. In general, they con-
sist of mrrors, magnifiers, and various schenes for conveying

i mges from inaccessible sources to where they may be seen.

a. Inspection Mrrors. Inspection mirrors are used to view
areas that are not in the nornmal |ine of sight. Tabl e 4-1 shows

some of the typical types of inspection mrrors that are avail-
able for inspection of hidden areas.

TABLE 4-1. TYPI CAL | NSPECTI ON M RRORS
(Courtesy of McMaster-Carr Supply
Conpany) (Sheet 1 of 2)

a. Ball-Joint Tel escoping Inspection Mrror.
This inspection mirror has tenpered spring

steel, double ball-joint links to allow mrror
(true image or magnifying) to move 360¢ for
viewi ng in any position. Nonr ot ati ng i nner

hex rods on tel escoping nodels prevent mirrors
from swi nging out of alignment. Repl acenent
mrrors are avail able.

b. Spring- Loaded |nspection Mrror. This in-
spection mrror has a spring-loaded plunger to

to the straight position by tripping a Iocking
devi ce. Si ngl e- handed operation allows in-
spection w thout renmoving the mrror fromthe
wor k area.

c. Telescoping Inspection Mrror with Magnet.
This inspection mrror can be used to find
lost nuts, bolts, and other small parts and
then pick themup with the nagnet in the han-
dle. the tel escopi ng handl e has a double
ball-joint to hold glass mirror at any angle.

tilt the mirror 90¢. The mrror is returned Q\‘_.‘
N
g

d. El ectri cal Conponent |nspection Mrror.

This inspection mirror is extra thin so it can \ ,
be used to inspect under and around small &
el ectrical conponents. The 90-degree mrrors
have bevel ed edges to match inspection sur- h"’.
faces. Handl es are spring-mount ed.
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TABLE 4-1. TYPICAL |NSPECTION M RRORS
(Courtesy of McMaster-Carr Supply
Company) (Sheet 2 of 2)

e. Electrically Insulated Inspection Mrror.

This inspection mrror is electrically insu- 0\
| ated to prevent dangerous shocks or shorts

when inspecting near sources of electricity.

t. Adjustable Angle Illuminated Inspection

Mrror. This inspection mirror has a 1|ight H

and adjustable mirror at the tip that can be
controlled with the thunb.

g. Magnetic Base Inspection Mrror. This in-

spection mrror has magnets in a nolded nylon k
base that allows nounting in the work area.

Two ball joints allow adjustnent of the gl ass

mrror.

h. Long Reach Extension |nspection Mrror.
This inspection nmirror hds a nonconducting
handl e which extends fromfive to sixteen feet
and it has a nine- by nine-inch glass mrror
with |ight.

i. Suction Cup Inspection Mrror. This tele-
scoping arminspection mrror attaches with
three suction cups to any hard smooth surface.
The telescoping arm can be extended up to
thirty inches. The four-inch-di aneter un-
breakable mirror is true image on one side and
magni fi ed i mage on the other.

j. Illuminated Inspection Mrror. Thi s pen-

light inspection mrror has a Lucite rod that %%
directs light on an adjustable plastic frame

mrror.

b. Sinple Magnifiers. A single converging lens, the sim
plest form of a mcroscope, is often referred to as a sinple nmag-
nifier. Magni fication of a single lens is deternined by the
equation M = 10/f, where M is the nmagnification, f is the focal
length in inches, and 10 represents the average mninmm distance
at which objects can be distinctly seen by the unaided eye. For
exanple, wusing this equation, a lens wth a focal length of 5
inches has a magnification of 2, or is said to be a two-power
lens (sonetinme witten 2X). Table 4-2 shows sone of the typical
types of sinple magnifiers that are avail able.
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TABLE 4-2. TYPICAL SI MPLE MAGNI FI ERS
(Courtesy of McMaster-Carr Supply

Conpany)

a. Fol di ng Case Magnifiers. These
magni fi ers contain single glass or
acrylic plastic |lenses which can be
conbi ned for nmagnification from3 to 20
power . The | enses swi ng out when
needed and the plastic case acts as a
handl e. Focal lengths vary from1/2 to
2 1/2 inches depending on |ens conbina-
tion.

b. Pocket Magnifiers. These magnifi -

2 inches.

c. Round and Rectangul ar Magnifiers.
These magnifiers have a scul ptured
plastic handle and lens frame and are
avail able with glass or scratch resis-
tant acrylic plastic |enses. The gl ass
| enses have 2X mmgnification, lens di-
ameters from2.75 to 5.32 inches and
focal lengths from6 to 13 inches. The
acrylic lens have 2.5X to 3X (with a 5X
bi focal insert), lens dianmeters are
from2 inches and focal |engths from 10
to 2 inches.

ers contain single glass or acrylic
plastic lenses mounted in a case that
slides open and | ocks shut to protect
the | ens when placed in the pocket.
Overall size is 1 5/8 inches by 2 1/4
i nches. They are available in 3X and
5X with focal length of 3.3 inches and

d. Attached Case Magnifiers. These
magni fiers have an all in one case that
protects the lens and serves as a han-
dle. A 2X nodel has a glass and vinyl
case; 3X nodel has an acrylic lens and
pl astic case. Lens dianmeters are 2
inches and 1.5 inches and focal |engths
are 5 inches and 2.5 inches.

(1) wWorking Distance. The focal length of a sinple mag-
nifier and its working distance are approxinmately the sane. For
exanpl e, suppose that it is desired to examne a part wthout re-
noving it and the magnifier cannot be placed nearer than 3
i nches. Therefore, a magnifier with a working distance (foca
l ength) of at least 3 inches is required. From the equation M =
10/f£, a three-power lens is required.

(2) Field of View The field of viewis the area seen
t hrough the sinple magnifier. The dianeter of the field of view
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of a sinple magnifier is less than its focal |ength. Sel ecti on
of a magnifier with proper field of viewis inportant. For exam
ple, if a large object is to be examned, the tine involved using
a 20-power magnifier (wth a field of view slightly greater than
3/8 inch) would be prohibitive.

(3) Depth of Field. Depth of field is the termused to
indicate the distance a nmagnifier can be noved toward or away
froman object, wth the object remaining in good focus. At
ot her distances the object is out of focus and not sharply de-
fined. Depth of field varies with the power of the lens and is
conparatively greater in |ower-power nmagnifiers, decreasing as
the power of the |ens increases.

401. MAGNI FYI NG DEVI CES. Some magni fyi ng devices recommended
for use in conducting visual inspections include: hand-held nmag-
nifiers with single and nmultiple lenses jeweler's eye |oupes, il-
| um nated nmagnifiers, pocket/desk type m croscopes, toolnmaker's
m croscopes, rigid/flexible borescopes, and video inmaging sys-
tens. These devices are available with nunerous features, such
as 1 to 2000 power, self-contained illumnation, adjustable vari-
able magnification (zoom, stereo view ng, data storage/ trans-

m ssion, conputer generated electronic alignnent targets, and
measuring capability.

a. Selecting Magnification Power. Magni fi cati on power and
field of view are interrelated, and, in general, as magnification
power is increased, the field of view is reduced. Therefore, it
is inportant to select a magnification power that wll provide
the proper field of view for the part being inspected. Wen in-
specting a large area, the tinme involved could be prohibitive if
hi gh power nmgnification (with a small field of view) is used
Therefore, the recommended procedure is to first use |ow power
magni fication (wWth a large field of view), mark questionable ar-
eas, and then exam ne marked areas using high power magnifica-
tion. The precise relationship between magnification power and
field of view of a product is usually specified by the nmanufac-
turer.

b. Liaght Collecting Ability. The detail observed in a mag-
nifier depends on its light collecting ability, which depends on
its dianmeter and focal ratio (focal length divided by dianeter).

402. PHOTOGRAPHI C AND VI DEO SYSTEMS. An inmge on a video

moni tor or a photograph allows inspectors to share analysis, de-
ci sions, know edge, and skills when making visual inspections.
Phot ogr aphi ¢ and video systens are available which attach to the
eyepi eces of borescopes, fiberscopes, and m croscopes for docu-
mentation and anal ysis of visual inspection images. Video sys-
tens are also available that have a charge-coupl ed device (CCD)

i mge sensor at the probe end of the borescope or m croscope,
which allows wire rather than fiber optic transmssion of the im
age.
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a. Svystem Capabilities. Video systens permt video inages
to be recorded and stored on print or slide film video cassette
recorders, or conputer disks. M croprocessors can be used to
digitize video imges for storage on a conputer disk, or for
transfer to other sites by nobdem and tel ephone |ines. Phot o-
graphic or video recording provides verifiable data for training
pur poses and for trend nonitoring.

b. Tvpical Svstens. Figure 4-1 shows a typical 35-nm canera
and adapter installed on a rigid borescope that has a nounting
kit to provide a platform for vibration-free photography. Fi gure
4-2 shows a typical video adapter system for converting a stan-
dard flexible or rigid borescope to a video inspection and docu-
nment ati on system Figure 4-3 shows a block diagram of a typica
vi deo inspection, docunentation, storage, and transm ssion sSys-
tem

FIGURE 4-1. TYPICAL 35- MM CAMERA AND CAMERA ADAPTER | NSTALLATI ON
ON A RIGd D BORESCOPE
(Courtesy of O ynpus Corporation)
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FI GURE 4-2. TYPI CAL BORESCOPE VIDEO ADAPTER SYSTEM
(Courtesy of Optronics Engi neering
Cor por ati on)
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FIGURE 4-3. BLOCK DI AGRAM OF A TYPI CAL VI DEO | NSPECTI ON SYSTEM

GSC 0059.95-1

c. Hand-Held Video Microscope_lnmainu Svstem In sone video
m croscope inspection equi pnment, the canmera, lens, and lighting
are all integrated into a flexible, hand-held probe that is taken

to the itemto be inspected (see Figure 4-4). A solid-state CCD
sensor is located in the end of the canera head, and vari ous
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| enses can be attached to the canmera head to provide the user
with magnifications from 0.7 to 800 power and working distances
fromcontact to 600 mMm The instrunent provides a high resol u-
tion, full color video inmage; records the inmage for later use; is
portable; and can be custom zed for a specific application. The
instrument is particularly useful in areas where it is difficult
to hold a flashlight and mrror while trying to focus a nagnify-
ing gl ass. Some typical uses for the hand-held video m croscope
in aircraft maintenance are inspection of aircraft seat tracks
for cracks (it is a one-hand operation of placing the video m -
croscope head on the tracks and viewi ng the screen, where previ-

ously a mrror and flashlight were required); inspection of com
posite-material helicopter rotor |eading edges for delam nation/
damage; inspection of aircraft turbine honeyconb seal rings for

defects; and inspection of aircraft rear pressure bul khead, en-
gi ne pylon, spar, and main |landing gear aft trunnion for defects.

FIGURE 4-4. SCOPEMAN HAND-HELD VIDEO M CROSCOPE | MAG NG SYSTEM
(Courtesy of Miritex USA, Inc.1

d. Video Measurina Microscope. Video neasuring mcroscopes
(see Figure 4-5) are also avail able. They use a high-quality
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zoom m croscope (magnification from 8 to 1630 power) with joy-
stick control in conjunction with a high-resolution color video
and conputer. The SmartScope system contains a set of computer-
generated electronic targets and charts for superinposing on the
color video image to match the feature being neasured. A graph-
ics nodel that |ooks like a blueprint of the part is built by
SmartScope software as each neasurement is conpl eted. The graph-
ics nodel is stored on a hard disk and can be displayed or
printed at any tine. Sone exanples of the use of video neasuring
m croscopes for aircraft mai ntenance are neasurenent of hole di-
aneter and |ocations on castings after they have been reworked
and neasurenent of dinensions of used nmechanical parts to deter-
mne if they are still serviceable.

FIGURE 4-5. SMARTSCOPE VI DEO MEASURI NG M CROSCOPE SYSTEM
(Courtesy of Optical Gaging Products, Inc.)
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403. QPTICAL COVPARATORS. Optical conparators are devices that
project a magnified silhouette of a small part onto a l|arge pro-
jection screen, which is then conpared against a magnified out-
line drawi ng of the part being inspected. They are used in air-
craft maintenance for assessing parts conformty. Figure 4-6
shows a typical schematic of an optical conparator. Optical com
parators are available with numerous options, such as screen
sizes from 14 to 30 inch dianeter, magnifications from5 to 500
power, conputerized control of neasurenent and novenent, conputer
statistical analysis of data, part programm ng from bl ueprint
(off-l1ine or pantograph, 0.00005-inch neasurenment and one mnute
of arc resolution), and automatic centerline system for detection
of shadow edges. Parts with recessed contours can also be neas-
ured on optical comparators by using a pantograph. One arm of

t he pantograph is a stylus that traces the recessed contour of
the part, and the other armcarries a follower that is visible in
the light path. As the stylus noves, the follower projects a
contour on the screen. Optical conparators typically are used to
nmeasure threads, gear teeth, hole dianeters, distance between

hol es, angles, and tapers. Figure 4-7 shows a typical optical
conpar at or. Some exanples of the use of an optical conparator
for aircraft maintenance are neasuring dinensions on grinding
wheel s that are used to rework aircraft turbine blades (if con-
tact type neasurenents were nmade in this application, the measur-
ing tools would be danmaged by the grinding wheel abrasive); neas-
urement of hole dianeter and |ocations on gearbox castings after
rework; and neasurenent of radii on used constant-speed drive
shafts to verify that the shear sections would neet new part re-
qui r ements.

Screen

w
X
Condensing ~. Reflecting
lens ™~ ~ mirror
Light Magnifying ! \‘\
source lens 3 ~ \I
L 1 1 1 1 111 1] ~.

FIGURE 4-6. SCHEMATI C OF AN OPTI CAL COMPARATOR
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FIGURE 4-7. TYPICAL OPTI CAL COVPARATOR
(Courtesy of Optical Gaging Products,

Inc.)
404. BORESCOPES. A borescope is a long, tubular, precision
optical instrument, wth built-in illumnation, designed to allow

renote visual inspection of internal surfaces, or otherw se inac-
cessi bl e areas. The tube, which can be rigid or flexible with a
wi de variety of |lengths and dianmeters, provides the necessary op-
tical connection between the viewing end and an objective |ens at
the distant, or distal, tip of the borescope. Rigid and flexible
borescopes are available in different designs for a variety of
standard applications, and manufacturers also provide custom de-
signs for specialized applications. Figure 4-8 shows three

typi cal designs of borescopes.
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Theee typical designs of borecopes (a) A rigid borescope with a lkamp ot the distol end (b) A flexible
fiberscope with 0 hght wource (<) A rigid borescops with o light guide bundle in the shatt

FIGURE 4-8. THREE TYPICAL DESIGNS OF BORESCOPES
(Courtesy of ASM Internatiocnal)

a. Borescope Uses. Borescopes are used in aircraft/engine
mai nt enance progranms to reduce or elimnate the need for costly
t ear downs. Aircraft turbine engines have access ports that are
specifically designed for borescopes. Borescopes are also used

extensively in a variety of aviation nmaintenance prograns to en-
sure the airworthiness of difficult-to-reach conponents.
Borescopes typically are used to inspect interiors of hydraulic
cylinders and valves for pitting, scoring, porosity, and tool
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marks; inspect for cracked cylinders in aircraft reciprocating
engi nes; inspect turbojet engine turbine blades and conbustion
cans; verify the proper placenent and fit of seals, bonds, gas-
kets, and subassenblies in difficult-to-reach areas of aircraft
and aeronautical equipnment; and assess Foreign Object Damage
(FOD) in aircraft, airframe, and powerplants. Bor escopes nmay
al so be used to locate and retrieve foreign objects in engines
and airframes.

b. Optical Desisns. Typi cal designs for the optical connec-
tion between the borescope viewing end and the distal tip are as
follows: rigid tube with a series of relay lenses, flexible or
rigid tube with a bundle of optical fibers, and flexible or rigid
tube with wiring that carries the imge signal from a CCD inaging
sensor at the distal tip. These designs can have either fixed or
adj ustabl e focusing of the objective lens at the distal tip. The
distal tip also has prisms and mrrors that define the direction
and field of view (Figure 4-9). A fiber-optic light guide with
white light is generally used in the illumnation system but ul-
traviolet light can also be used to inspect surfaces treated with
liquid fluorescent penetrant or to inspect for contam nants that
fl uoresce. some Vi deoscopes with |long working lengths use light-
emtting diodes at the distal tip for illumnation

s PSEEY -

Bottoming

S Tk

ss0 (IR} —
Right angle V

Circumierence

L, A

Forward oblique Retrospective

FIGURE 4-9. TYPICAL DI RECTIONS AND FIELD OF VIEW OF RRGA D
BORESCOPES (Courtesy of ASM International)

~c. Borescope Selection. Flexible and rigid borescopes are
available in a wide variety of standard and custonized designs,
and several factors can influence the selection of a scope for a
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particul ar application. These factors include focusing and reso-
lution, illumnation, magnification and field of view working
length, direction of view, and environment.

(1) Focusing and Resol ution. In general, the optica
gquality of a rigid borescope inproves as the size of the lens
i ncreases; consequently, a borescope with the |argest possible
di ameter shoul d be used. |f portions of long objects are at dif-
ferent planes, the borescope should have sufficient focus adjust-
ment to achi eve an adequate depth of field. | f the borescope has
a fixed focal length, the object will be in focus only at a spe-
cific lens-to-object distance. To allow the observation of sur-
face detail at a desired size, the optical system of a borescope
should also provide adequate resolution and image contrast. |If
resolution is adequate, but contrast is l|lacking, detail cannot be
observed. For fiberscopes, the resolution is dependent on the
accuracy of alignnment and the dianeter of the fibers in the image
bundl e. Smal | er dianmeter fibers provide nore resolution and edge
contrast when conbined with good geonetrical alignnent of the fi-
bers.

(2) 1llumnation. The armount of illum nation depends on
the diameter of the light guide bundle; therefore, it is desir-
able to use the largest dianmeter possible. The required inten-
sity of the light source is determined by the reflectivity of the
surface, the area of surface to be illum nated, and the transm s-
sion | osses over the length of the scope. Ri gid borescopes wth
a lanp at the distal end provide the greatest anount of illum na-
tion over the wi dest area at working |lengths greater than 20
feet; however, the heat generated by the light source can damage
some materi al s. Fi ber-optic illumnation is usually brighter
than a lanp at the distal end with scope working |engths |ess
than 20 feet and is suitable for heat-sensitive applications when
filters are used to renove infrared wavel engt hs.

(3) Magnification and Field of View Magni fi cation and
field of view are interrelated, and as magnification is in-
creased, the field of viewis reduced. The precise relationship
between nagnification and field of view is generally specified by

t he product manufacturer. The degree of magnification in a par-
ticular application is determned by the field of view and the
di stance from the objective lens to the object. The magnifica-

tion increases when either the field of view or the lens-to-
obj ect distance decreases.

(4) Working Length. The working length can sonetines
dictate the use of a particular type of borescope. For exanpl e,
a rigid borescope with a long working length may be limted by
the need for additional supports. In general, videoscopes allow
a longer working length than fiberscopes.
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(5) Direction of View. The selection of a viewi ng di-
rection is influenced by the location of the access port in rela-
tion to the object to be observed. Fl exi bl e fiberscopes or vid-
eoscopes, because of their articulating tip, are often adequate
with either a side or forward viewing tip. Circunferential or
panoram ¢ heads are designed for the inspection of tubing or
other cylindrical parts. A centrally located mrror permts
right angle viewing of an area just scanned by the panoramc
Vi ew. The forward view ng head permts the inspection of the
area directly ahead of the viewing head and is conmonly used when
exanmning facing walls or the bottons of blind holes and cavi -
ties. For war d- obl i que heads bend the viewing direction at an an-
gle to the borescope axis, pernmitting the inspection of corners
at the end of a bored hole. RetrosPective vi ewi ng heads bend the
cone of view at a retrospective angle to the borescope axis, pro-
viding a view of the area just passed by the advanci ng borescope
and are especially suited for inspecting the inside corners of
val ve body and actuating cylinder castings.

(6) Environnent. Fl exi ble and rigid borescopes can be
manufactured to withstand a variety of environnents. Al t hough
nost borescopes can operate at temperatures from -30 to 150 ge-
grees F, specially designed borescopes can be used at tenpera-
tures to 3500 degrees F. Bor escopes can al so be manufactured for
use in liquid nedia. Speci al borescopes are required for use at
pressures above anbient and in atnospheres exposed to radiation.
Radi ati on can cause |l enses and fiber-optic bundles to turn brown.
Wien a borescope is used in atnospheres exposed to radiation,
quartz fiberscopes are generally used. Scopes used in a gaseous
environment should be made expl osion-proof to mnimze the poten-
tial of an accidental explosion.

d. Rigid Borescopes. Ri gi d borescopes are generally used in
aircraft maintenance applications where there is a straight line
access path to the area to be inspected. Sone typical uses for
rigid borescopes in aircraft maintenance are inspection of |and-
ing gear actuators and struts for corrosion; cracks and scratches

on bore walls; inspection for corrosion and cracks of w ng
stringers, w ng attachnent fittings, spars, and other aircraft
structural nmenbers; inspection of engine cylinder sleeves, pis-

tons, and valves for damage; and inspection of aircraft turbines
for cracks, corrosion, damage by foreign objects, and erosion.

Ri gi d borescope sizes range in |lengths from 2 inches to over 100
feet and in diameters from 0.035 to 2.75 inches. Magni fi cati on
is usually 3 to 4 power, but powers up to 50 are avail abl e. They
are available with fixed and adjustable focus eyepiece. The il -

l um nation systemis either an incandescent |lanp |ocated at the
distal end or a light-guide bundle nade from optical fibers that
conducts light from an external source. The fiber-optics, light-
gui de bundl e has no electrical contacts at the distal end and
produces cold light to mnimze explosion hazards. Rigid
borescopes are available with a variety of view ng heads for se-
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lection according to the application. They generally have a 55-
degree field of view although fields of view can range from 10 to
90 degr ees. The distal tips are generally not interchangeable,
but sone nodels, such as the extendi bl e borescopes, can have in-

t erchangeabl e distal tips. Some rigid borescopes have the capa-
bility to rotate the optical shaft from 120 to 370 degrees for
scanni ng purposes, and others have novable prisnms at the tip for
| ongi tudi nal scanni ng.

(1) Basic Desiqgn. The rigid borescope typically has a
series of achromatic relay lenses in the optical tube. These
| enses preserve the resolution of the inmage as it travels from
the objective lens to the eyepiece. The tube dianmeter of these
borescopes ranges from 0.035 to 2.75 inches. The illum nation
system can be either a distal lanp or a light-guide bundle, and
the various features may include rotating optical shaft, various
vi ewi ng heads, and adjustable focusing of the objective |ens.

(2) Mcro-borescopes. M cro- borescopes are small-
di anet er borescopes having an integral |ight-guide bundle and a
one-piece rod lens for maxi mum resolution with a m ni num di ane-
ter. Sonme typical uses for mcro-borescopes in aircraft mainte-
nance are inspection for danmage within fuel nozzles, electronic
conponents, instruments, hydraulic conponents, castings, and
ot her mni ature equi pnent. The lengths of mcro borescopes range
from2 to 32 inches, and the dianeters range from 0.020 to 0.125
i nch. They are available with forward, forward oblique, and
right angle views; support stands with mcroneter adjustable fix-
turing; photo and video adapters; up to 30-power magnification
and fixed or ocular focus. Figure 4-10 shows a typical micro-
bor escope.
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FIGURE 4-10. TYPICAL M CRO BORESCOPE
(Courtesy of Industry Technol ogy,
Inc.)

(3) Extendible Borescopes. Extendible borescopes allow
the user to vary the length of the borescope tube by inserting
ext ensi on tubes. Sone typical uses for rigid extendible
borescopes in aircraft maintenance are inspection for damage
Wi thin turbine engine conbustion cases and inspection for cracks

in aircraft rear pressure bul kheads. Ext endi bl e borescopes are
available with either a fiber-optic light guide or an incandes-
cent lanp at the distal end. Ext endi bl e borescopes with an inte-
gral lanp have a maxi mum | ength of about 100 feet. Ext endi bl e

borescopes with a light-guide bundle are available with smaller
tube diameters, but have shorter maxi mum | engths (approxi mately
30 feet). Ext endi bl e borescopes all ow one borescope to do the
wor k of several different borescopes. Therefore, when feasible
for the inspection tasks involved, they can have the advantage of
econony, adaptability, and less bulk and weight for easy trans-
portation and use over the purchase and use of a different
borescope for each inspection task. | nt er changeabl e vi ewi ng
heads are available for extendible borescopes. Figure 4-11 shows
a typical extendi ble borescope.
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FIGURE 4-11. TYPI CAL EXTEND BLE BORESCOPE

(Courtesy of Titan Tool Supply Conpany,
Inc.)

(4) Endoscopes. The endoscope is much |ike a borescope
with a high-intensity light source, except that it has a superior
optical system which remains constantly in focus from about 4 mm
(0.16 inch) to infinity. Actually, when the tip is about 4 mm
fromthe surface, a magnification of about 10X is achieved. En-
doscopes are available in diameters down to 1.7 nm (0.07 inch)
and in lengths from 100 to 150 mm (4 to 6 inches).

(55 Mrror Adapters. Mrror adapters can be used to
convert a direct-view ng borescope into a side-view ng borescope.
A mrror adapter is designed to fit over the tip of the borescope
and reflect an image fromthe side of the borescope. However,
there is some reduction in resolution and inmage contrast; there-
fore, not all applications are suitable for this device. A side,
forward oblique, or retrospective view ng head provides better
resol ution and a higher degree of inmge contrast than a direct-
viewi ng borescope with a mrror adapter. A mrror adapter also

produces an inverse inmage and can produce unwanted reflections
from the shaft.
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(6) Scanning. Sone rigid borescopes have the ability to
scan longitudinally along the axis of the shaft. A novabl e prism

with a control at the handle acconplishes this scanning. Typi -
cally, the prismcan shift the direction of view through an arc
of 120 degr ees. Figure 4-12 shows a typical scanning borescope.

lupus

FIGURE 4-12. TYPI CAL SCANNI NG BORESCOPE
(Courtesy of Richard Wl f Medica
| nstrument s Cor porati on)

(7) Zoom na Borescopes. This instrunent does not en-
tirely fit the définition of a rigid borescope; however, it is
used for inspection of bores and cavities. The zoom ng borescope
(see Figure 4-13) can be used in aircraft maintenance for check-
ing the whole interior surface of tubing and bores for surface

finish, cracks, dirt, weld cracks, porosity, etc. It can al so be
used for checking the finish and chanfer on interior “0” ring
grooves and keyways. It is 374 inch in dianeter and 4 inches

[ ong when fully extended and contains an objective lens that nmag-
nifies outward in a “v” shape configuration (fisheye lens). It
can be used on holes from3/16 to 5 inch dianeter. The whole in-
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terior dianeter will be in focus at all tines. On | arger diane-
ters, the instrunent would have to be tipped slightly to focus on
a specific area of sidewall. The instrument is suitable for
viewi ng parts from1l inch to 20 feet in |ength. The focus can be
adj usted by holding the instrunent in one hand and turning the
zoom with the other hand for sharper definition of any depth of
field. The area is sharp and in focus at any given focal plane
and will vary from about 6 inches to 5 feet, depending on the
length of the part and distance from the instrunent. For nore
detail beyond 5 feet, a mmgnification booster is avail able. The
zoon ng borescope does not have its own light source, but relies

on existing anbient |ight. Unl ess the part is very small in di-
aneter, or standard roomillumnation is poor, no additiona
[ ight source is necessary. Shoul d additional |ight be necessary,

an inspection flashlight (see Table 3-8) can be held against the
ot her end of the part.

FI GURE 4-13. ZOOM A-BORE | NSPECTI ON | NSTRUMENT W TH
MAGNI FI CATI ON BOOSTER ATTACHED
(Courtesy of Titan Tool Supply Conpany, Inc.)

(8) Mcro-Bore View na System Smal | area borescope
view ng systens exist for optical checking of bores and cavities
(see Figure 4-14). This system does not fit the definition of a
ri gid borescope; however, it is used for inspection of bores and
cavities. The system was designed to overcone the lighting limi-
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tations of some of the mcro-borescopes and will not break as
easily as the small-di aneter borescope probes. This optical de-
vice in the illustration conprises 17 different |enses on a ro-
tary system each with a predeterm ned focal |ength (m ninmm of
0.020 inch to a maxi mum of 10 i nches). It can be used for the
internal view ng of micro-bores, tubes, and cavities from 0.039
to 0.315 inch dianeter, wth depths up to 10 inches. The illum -
nation systemis adjustable and contains a 2.5 volt Hal ogen |ight
bul b. For deep cavities, additional illum nation nmay be neces-
sary, Wwhich can be provided by a snall dianeter inspection |ight.

FI GURE 4- 14. M CRO- BORE VI EW NG SYSTEM
(Courtesy of Titan Tool Supply
Conpany, Inc.)
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The mcro-bore view ng system can be used in aircraft maintenance
for checking the inside of small tubes, mniature drilled, bored,
and ground holes for surface finish, cracks, dirt, weld cracks,
porosity, etc. It can also be used for inspecting the inside of
mniature holes in turbine blades and val ve bodi es.

(9) Mrror Tube Viewing Systens. These systens allow
the viewwng of small holes and cavities and are neant to be inex-
pensive alternatives to a rigid borescope for sonme applications.
The system shown in Figure 4-15 allows the view ng of holes and
cavities to a depth of 2 inches with 5-power nagnification wth-
out any attachnments. Included with the unit are two separate
twist-on mrror tubes, a 0.196 inch dianeter, with a view ng
depth of 1 inch, and 0.236 inch dianmeter, which allows a view ng
depth of 1.2 inches. I[llum nation is provided by a mniature
Hal ogen light bulb projecting the illumnnation directly on the
axi s down the hole. Powered by two AA batteries.
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4
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90° Viewing

FIGURE 4-15. M RROR TUBE VI EW NG SYSTEM
(Courtesy of Titan Tool Supply
Conpany, Inc.)

The mrror viewng system shown in Figure 4-16 is for view ng

holes up to 68 inches in depth. The main probe can be 4 to 20 mMm
in diameter. The field of viewis 30 to 70 degrees.
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FI GURE 4- 16. DEEP- HOLE M RROR VI EW NG SYSTEM
(Courtesy of Instrunent
Technol ogy, Inc.)

e. Flexible Borescopes. Fl exi bl e borescopes are generally
used in applications that do not have a straight |ine access path
to the area to be inspected. Sonme typical uses of flexible
borescopes in aircraft maintenance are inspection of corrosion
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cracks, and scratches on bore walls of castings; inspection for
corrosion and cracks of wing stringers, wng attachnent fittings,
spars, and other aircraft structural nenbers; inspection of en-
gl ne cylinder sleeves, pistons, and valves for danage; and in-
spection of aircraft turbines for cracks, corrosion, danage by
foreign objects, and erosion. The two types of flexible
borescopes are flexible fiberscopes and flexible videoscopes.
Figure 4-17 shows sone typical flaws seen through a flexible fi-
ber scope.

FIGURE 4-17. TYPICAL FLAWS SEEN THROUGH A FLEXI BLE FI BERSCOPE
(Courtesy of O ynpus Corporation)
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(1) Flexible Fiberscopes. A typical flexible fiberscope
consists of a fiber-optic light-guide bundle, a fiber-optic im
age-gui de bundl e, an objective lens, interchangeable view ng
heads, and renote controls for articulation of the distal tip.

Fl exi bl e fiberscopes are available in dianeters from 0.055 to 0.5
inch and in | engths of over 300 feet. The |ight-guide bundle is
used to carry illumnation froma renote source to the dista

tip. Since each fiber in the light-guide bundle transmts only
illumnation and not an inmage, the fibers do not have to be pre-
cisely aligned and are generally larger than those in the image-
gui de bundl e. The i mage-guide bundle is used to carry the inmage
formed by the objective |ens back to the eyepiece, and the fibers
in the image guide are precisely aligned so that they are in an
identical relative position to each other at their term nations
for proper image resolution. The dianmeter of the fibers in the
image guide is a factor in obtaining good image resolution. A

| arge nunber of small-dianeter fibers in the imge-guide wll
provide a bright image with high resolution (see Figure 4-18).

Hi gh resolution allows the use of an objective lens with a w der
field of view and also allows magnification of the inmage at the
eyepi ece for better viewing of objects at the periphery of the
image (see Figure 4-19). Interchangeable distal tips provide
various directions and fields of view on a single fiberscope
however, because the tip can be articulated for scanning pur-
poses, distal tips with either a forward or side view ng direc-
tion are usually sufficient. Fields of view are typically 40 to
60 degrees, although they can range from 10 to 120 degrees. Most
fi berscopes provide adjustable focusing of the objective |ens.
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FI GURE 4-18. COWPARI SON VIEWS W TH DI FFERENT QUANTI TI ES OF
FIBERS I N THE FI BERSCOPE | MAGE BUNDLE
(Courtesy of A ynpus Corporation)
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FIGURE 4-19. FLEXI BLE VI DECSCOPE | MAGES
(Courtesy of Welch allyn, Inc.)
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(2) Flexible Videoscooes Wth CCD Probes. Fl exi bl e vid-
eoscopes have CCD inmging sensors at the distal tip to electroni-
cally transmt color or black and white inmages to a video noni-
tor. The fiber-optic inmage bundle inside the insertion tube is
replaced by a wire assenbly to carry video information. video-
scopes with CCD imagi ng sensors produce inages with spatial reso-
lutions on the order of those described in Figure 4-20.
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UMM AN UMM LN UMM AN,
olinet 1 USEABLE w0 JSEABLE " re——USEABLE
“ " "
Zn 300 Z 13 300 Z 13
=) )
s e = g w0
3 o S 3
Qs 2 e
g+ ™ ¥4« w W
2 2 1
L] [ )
¢ 2 40 [ ] [ ] w0 L] ” 40 [ ] 0 100 o » -~ [ [ ] 00
OBJECT DISTANCE MM OBJECT DISTANCE MM OBJECT DISTANCE MM

UIN = Lines pe’ Inch UMM = Lines per millimeter - SHARP FOCUS

FIGURE 4-20. TYPICAL CCD VI DEGSCOPE RESCLUTI ON
(Courtesy of Welch Allyn, Inc.)

The resolution of videoscopes, like rigid borescopes and flexible
fi berscopes, depends on the object-to-lens distance and the field
of view, since these two factors affect the anmount of nagnifica-
tion. General ly, videoscopes produce higher resolution than fi-
berscopes, although fiberscopes with smaller dianmeter fibers can
be conpetitive with the resolution of videoscopes. A primary ad-
vant age of videoscopes is their |onger working |ength. Wth a
given anount of illumnation at the distal tip, videoscopes can
return an inmage over a greater length than fiberscopes. O her
features of videoscopes include (1) the display can help reduce
eye fatigue (but does not allow the capability of direct viewng
t hrough an eyepiece); (2) there is no honeyconb pattern or ir-
regular picture distortion as with sonme fiberscopes (see Figure
4-21); (3) the electrical imge signal allows digital inmage en-
hancenment and the potential for integration with automatic in-
spection systens; and (4) the display allows the generation of
reticles on the viewi ng screen for point-to-point neasurenents.
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FI GURE 4- 21. COVPARI SON BETWVEEN VI DEOCSCOPE AND FI BERSCOPE | MAGES
(Courtesy of Welsh Allyn, Inc.)
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f. Borescopes Wih Svecial Features  Borescopes, fiber-
scopes, video systens, and related equi pnment are being used for

nore purposes, nore conplex inspections, and even sone |limted
repair applications. Sone of the borescope products briefly de-
scribed are neasuring borescopes and fiberscopes, working chan-
nels, flying probe, videoHook Probe, power bl ending borescope,

and ShadowProbe™,

(1) Measuring Rorescooes and Fiberscopes. Measuring
borescopes and fiberscopes contain a moveable cursor that allows
measurenents during viewing (see Figure 4-22). When the object
under neasurenment is in focus, the novable cursor provides a ref-
erence for dinensional neasurenents in the optical plane of the
obj ect . This capability elimnates the need to know the object-
to-lens distance when determ ning magnification factors. Measur -
i ng borescopes and fiberscopes can be used in aircraft mainte-
nance for neasuring cracks in aircraft turbine |liners, blade dam
age, etc.

FIGURE 4-22. VI EW THROUGH A MEASURI NG FI BERSCOPE
(Courtesy of dynpus Corporation)

(2) Working Channels. W rking channels are used in
borescopes and fiberscopes to pass working devices to the dista
tip. Figure 4-23 shows a retrieval tool In a working channel
pi cking up a screw inside a nmachine. Tabl e 4-3 shows sone typi-
cal devices for use in working channels. Wrking channels are
presently used to pass neasuring instrunents, retrieval devices,
and hooks for aiding the insertion of thin, flexible fiberscopes.
Wor ki ng channels are used in flexible fiberscopes wth dianeters
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as small as 0.106 inch. Wrking channels are also under consid-
eration for the application and renoval of dye penetrants and for
t he passage of wires and sensors in eddy current neasurenents.
Retrieval tools are typically used in aircraft maintenance for
removi ng objects from aircraft turbines and appliances that nay
have been dropped during maintenance and repair work.

FI GURE 4-23. RETRI EVAL DEVI CE | N BORESCOPE WORKI NG CHANNEL
(Courtesy of dynpus Corporation)
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TABLE 4-3. TYPI CAL WORKI NG CHANNEL DEVI CES
(Sheet 1 of 2)
(Courtesy of A ynpus Corporation)
TYPE DIAGRAM COVVENT
A. SAMPLI NG FORCEPS
1. St andard .2 Round jaws for normal grasping.
(Fenestrat ed ‘(’

2. Ellipsoid
(Fenestr at ed)

Longer jaws 1 n order to grasp nore
than the standard type.

3. Alligator

Desi gned for scooping with side
openi ng j aws.

4, Crescent

For lassoing foreign objects.

5. Hexagona

For | assoing foreign objects.

6. Ova

For | assoing foreign objects.

B. GRASPI NG FORCEPS

1. Tripod

Good for gripping larger solid ob-
jects

2. Hooked Jaws

Good for clenching into softer ob-
jects.

3. "W Shaped

Collects flat foreign objects,
e.g., coins.

4. Alligator Jaws

Designed to prevent slipping, grip
wel | .

5. Rat Toot h

Jaws hinge together to provide
good grip

6. Pel ican Type

Useful for awkward foreign ob-
jects.

1. Basket Type

Basket tightens up on an object
for renoval, e.g., ball bearings.
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TABLE 4-3. TYPI CAL WORKI NG CHANNEL DEVI CES
(Sheet 2 of 2)
(Courtesy of A ynpus Corporation)

B. GRASPING FORCEPS
(Continued)
8. Rubber Tipped Jaws N Good for grasping snmooth surfaces.

%

C.____ NMAGNETI C EXTRACTORS
Cylindrical Shape Good for retrieving ferronmagnetic
foreign objects.

L ALY

(3) FLvina Prabe In the so called Flying Probe, a
flexible video borescope uses an air jet mcrothruster to help
position a flexible video probe in an area to be viewed (see Fig-
ure 4-24). The air jet force can be used to pull the distal tip
of the flexible video borescope through cavities to |ocations
previ ously unreachable by traditional borescope technigues. The
air jet mcrothruster systemis particularly suitable for air-
craft engine and structural inspections that would otherw se re-
quire the use of guide tubes.
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FI GURE 4-24. FLYI NG PROBE FLEXI BLE BORESCOPE
(Courtesy of Welch Allyn, Inc.)

(4) VideoHook Probe.  This probe consists of a specia
hook attachnment at the distal tip of a flexible video probe (see
Fi gure 4-25). The special hook attachnment can be hooked onto the
first stage turbine blade of a Pratt & Whitney JT8D series engine
for nore conplete viewing of the second-stage, high-pressure tur-
bi ne vanes. After hook attachnent, the engine rotor is slowy
rotated manually to allow viewing of the full second-stage vanes.
The hook attachment can be slipped onto the distal tip of the
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VideoHook Probe, wth no special tools or working channel re-
quired, and can be easily renoved when the inspection is com

pl et ed. The hook is made of special soft alumnumthat will re-
duce damage should it be left behind in the engine.

FI GURE 4-25. VIDEOHOOK PROBE ATTACHVENT FOR A FLEXI BLE

BORESCOPE (Courtesy of Wlch Allyn, Inc.)

(5) Power Bl endina Borescope Kit, A conbi ned borescope
and bl ending system can detect and repair (i.e., blend) foreign
obj ect damage on the 7th-stage conpressor blades of JT8D-200 se-
ries engines (see Figure 4-26). The power bl endi ng borescope al -
lows engine repair with the engine installed on the aircraft and
wi t hout engine disassenbly. The power blending procedure is ac-
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conplished with a specially designed borescope and worki ng chan-
nel . A rotary file or stone is connected to a drive cable that
passes through the working channel and a drive notor connected to
this cable rotates the cutter/stone, wth speed controlled by a

variable-rate foot pedal. The technician operates the tool to
bl end damaged bl ades while viewing the work process on a video
noni t or. A video microneter is also incorporated into the system

to all ow neasurenents to be taken.

FI GURE 4- 26. PONER BLENDI NG BORESCOPE KI T
(Courtesy of Machida, Inc.)

(6) ShadowProbe™. The ShadowProbe™ neasuring fiber-
scope system neasures cracks, defects, and snall objects while
conducting renote inspections (see Figure 4-27). The sShadow-
Probe™ system is designed to nmake neasurenents w thout conpari -
son to reference objects by casting a shadow pattern across the
system inmage, which is used by a system on-board conputer to de-
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term ne magnification, distance, Object size and dinmensions. Op-
erators mani pulate a cursor on a video screen to |ocate the
shadow and objects to be measured. The video screen is elec-
tronically corrected for lens distortion and has built-in auto-
matic calibration for magnification from near or far away, over a
full 85-degree viewing field. No reference point is required and
there is keyboard access to three different neasurenent nodes to

al l ow neasurenent of |inear distance, depth, or objects at skewed
angl es.

FI GURE 4-27. SHADOWPROBE™ NMEASURI NG SYSTEM
(Courtesy of Welch Allyn, Inc.)

0. Borescope Selection Questions. By answering the follow

ing questions and reviewing the information in this docunent and
borescope manufacturers' literature, a prospective borescope user
can determ ne which borescope offers advantages over another for
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a specific inspection. The answers to these questions can also
be used as a guide for selecting or purchasing the nost effective
borescope for a particular application.

(1) Access Opening Inside Dianeter (i.d.). How wide is
t he borescope entry point and what Is the smallest i.d. that the
bor escope shoul d pass through?

_ (2) Travel Path Geonetry. Is the travel path geonetry
straight or curved? |[If a guide tube is required, what is the
nost severe bend the guide tube should negotiate and what is the
i.d. at this point?

(3) Guide Tube. s a guide tube needed to facilitate
borescope insertion? |Is it offered with the borescope? WII| it
have to be custom manufactured or forned on site?

(4) Borescope Length. VWhat is the mninmum | ength needed
to travel to reach the inspection site? |s additional |ength
needed for protection of the eyepiece or safety of the inspector
using the borescope? |Is a drawing available to study and lay out
the access path requirements? The length of the borescope inser-
tion probe should be well thought out, since it is related to
costs and a longer insertion tube can be difficult to control in
an inspection with a shallow travel path. I n many circunstances,
two separate borescopes for different inspections will be nore
econom cal than using one scope for mnultiple purposes. The prob-
ability of damage and cost of repair increases with increased
bor escope wor ki ng | ength.

(5) Tar-set Inspection Area Location. Where is the tar-
get inspection area in relation to the distal tip when the
borescope reaches the target? |[If a flexible borescope is being
considered, is there roomin the work piece channel for articu-
lating the bending section to face the target inspection area di-
rectly? How far fromthe target inspection area will the
borescope tip be during the inspection? WII variable magnifica-
tion and direction of view tip adapters be required now or |ater?

(6) Resolution. VWhat is the snmallest dinension needed
to be seen? Can the defect be large or are mcroscopic defects

al so harnful? Wat will happen if a mcroscopic defect is
m ssed?

(7) Frequency of Borescope Use. How often will the
borescope be used? How long will the borescope be used for each
i nspection? How many inspections will be nade for each use? How
many people will use the borescope?
Chap 4
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(8) Docunentation. WI Il photo or video docunentation of
t he inspection/defect be needed?

(9) Verification of Borescope Specifications. Can the
borescopes specifications be verified independent of the sup-
plier?

(10) Borescope Qperation. | s an operating manual pro-
vided with the borescope that is adequate for the user's needs?
Is training available to inprove inspection results and reduce
wear and tear on borescopes?

405. LIST OF EQUIPMENT USED IN VI SUAL | NSPECTI ON. Appendi x G
provides a partial listing of equipnment useful in acconplishing
vi sual inspections.

406.-499. RESERVED.
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CHAPTER 5. DEFI NI TI ONS
500. DEFI N TI ONS.

AC - Advisory GCircular

AD - Airworthiness Directive

CRF - Code of Federal Regul ations

CIE - International Commission on Illum nation
VF - Electronotive Force

FAA - Federal Aviation Adm nistration

FAR - Federal Aviation Regulation

HD - Hgh-Intensity discharge (type of illum nation)
IES - Illumnation Engineering Society

K - Kelvin

MSDS - WMaterial Safety Data Sheets

NFPA - National Fire Protection Association

NDI - Nondestructive Inspection

NDT - Nondestructive Testing

SB - Service Bulletin

SSID - Supplenentary Structural |1nspection Docunent
UL - Underwiters' Laboratories, Inc.

ACTI VE: Referring to the negative direction of electrode poten-
tial (opposite of noble).

ANERCBI C. An absence of oxygen in the unconbined state.

ANGSTROM (A) : Unit of length usually reserved for the expression

of wavel engt h. One angstrom equal s 10 centineter (cm. Under
t he standard system of units, the angstrom will be replaced by
t he nanoneter (nm) (1.0 A = 0.10 nm. The angstromis the stan-

dard unit for neasuring wavel ength of 1|ight.

ANCDE: An el ectrode at which oxidation of the anode surface or
some conponent of the solution is occurring (opposite of cath-
ode) .

BRI GHTNESS: The strength of sensation which results from view ng
surfaces or spaces from which Iight conmes to the eye. Thi s sen-
sation is determned in part by |um nance (which can be neasured)
and in part by conditions of observation, such as the state of
adaptati on of the eye.

BULB: A source of electrically powered |ight. This termis used
to distinguish between an assenbled unit consisting of a |ight
source in a housing called a "lanp" and the internal source. See
LAVP

CANDELA (cd) The metric unit of lumnous intensity. One can-
dela is one lunmen per steradian (formally candle).
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CATHODE: The el ectrode of an electrolytic cell at which reduc-
tion occurs (opposite of anode).

CELL: An el ectrochem cal system consisting of a cathode and an-
ode imersed in an electrol yte. The anode and cat hode nmay be
separate netals or dissimlar areas on the sane netal.

CHARGE- COUPLED DEVI CE (CCD) : A mcrochip inmaging sensor contain-
ing thousands of light-sensitive elenents (pixels) arranged in a
pattern of rows and col ums. The CCD converts light froman im
age to electrons which, after processing, can be displayed as a
picture on a video nonitor.

ClE: | nternati onal Conm ssion on |llumnation
CLEAN: Free of contam nants.

CONCENTRATI ON CELL: A cell in which potential differences at the
anode and cathode are the result of differences in chemstry
(concentration of reactants or products) of the environnent adja-
cent to the el ectrode.

CONTAM NANTS: Any material or material residue which interferes
with the visual inspection process.

CORRCSI ON: An el ectrochem cal deterioration of a material, usu-
ally a netal, because of a reaction with its environnent. (See
AC 43-4n) .

CORRCSI ON FATI GUE: A yielding of a netal resulting fromthe com
bi ned action of corrosion and fatigue (cyclic stressing).

CKAZI NG Network of mnute cracks appearing in the surface of a
mat eri al

CREVI CE CORRCSION: A localized corrosive attack resulting from
the formation of a concentration cell in a crevice between two
metal surfaces of a netal and nonnetal surface.

DEFECT: A discontinuity or group of discontinuities which do not
nmeet specified acceptance criteria. One can have a defect within
acceptable limts.

DEPQCSI T: A for-eign substance, which comes from the environnment,
adhering to a surface of a material.

DI RECT GLARE: G are resulting from high luminances or insuffi-
ciently shielded light sources in the field of view It is usu-
ally associated with bright areas, such as luminaires, ceilings
and wi ndows which are outside the visual task or region being

vi ewed.
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DI SBOND: Areas where adhesive bonding no |onger neets designed
strength requirenents.

DI SCONTI NUI TY: An interruption in the normal physical structure
or configuration of a part such as a crack, |ap joint disbond,
seam inclusion, area of corrosion, or porosity. See DEFECT.

DUST- PROOF LUM NAIRE: A lumnaire so constructed or protected
that dust will not interfere with its successful operation

DUST- Tl GHT LUM NAI RE; A lumnaire so constructed that dust wll
not enter the enclosing case.

ELECTRODE: An el ectrical conductor in contact with an el ectro-
lyte which serves as an el ectron acceptor or donor (see anode and
cat hode as specific exanples).

ELECTROLYTE: A chem cal substance or mxture, usually liquid,
containing ions which mgrate in an electric field.

ELECTROMOTI VE FORCE SERIES: A list of elenments according to
their standard el ectrode potentials with the value for hydrogen
arbitrarily taken as 0.0 volt (also called Enf series).

EMBRI TTLEMENT: A loss of load carrying capacity of a nmetal or
al | oy.

ENCLOSED AND GASKETED: See vapor-tight.

ENVI RONIVENT: A description of the surroundings or conditions
(physical, chemcal, mechanical) in which a material exists.

EVALUATI ON: The review of discontinuities to determne if they
neet specified acceptance criteria.

EXFOLIATION: A thick, layered growh of |oose corrosion products
often separating fromthe netal surface.

EXPLOSI ON-PROOF LUM NAIRE: A luminaire which is conpletely en-

cl osed and capable of wthstanding an explosion of a specific gas
or vapor that may occur within it and preventing the ignition of
a specific gas or vapor surrounding the enclosure by sparks,

fl ashes or explosion of the gas or vapor wthin. I't nmust operate
at such an external tenperature that a surrounding flammble at-
nosphere will not be ignited thereby.

FAYlI NG SURFACE: I nterface between two adhesive surfaces.

FIELD OF VIEW The angle in degrees that the enterin% l'i ght sub-
tends at the exit pupil of the optical system A so known as
ANGLE COF FI ELD
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FI LI FORM CORROSION: A form of attack that occurs under filnms on
nmetal s and which appears as randomy distributed hairlines (also
called Underfilm Corrosion).

FLAW  An inperfection in an itemor material. Smal | flaws can
be harm ess. See DI SCONTI NUI TY.

FOOTCANDLE: The unit of illum nance when the foot is taken as
the unit of |ength. It is the illum nance on a surface one
square foot in area on which there is a uniformy distributed
flux of one lunmen or the illum nance produced on a surface al

poi nts of which are at a distance of one foot from a direction-
ally uniform point source of one candel a.

FRETTI NG CORROSION: A form of deterioration caused by repetitive
friction between two sliding surfaces and accel erated by a common
corrosive action.

GALVANI C CELL: A corrosion cell consisting of two dissimlar
netals in contact or in a narrower context consisting of adjacent
anodi ¢ and cathodic sites. The former definition is on a macro-
scale, the later on a mcro-scale.

GALVANI C CORRCSI ON: A type of corrosion associated with the cur-
rent resulting from the coupling of dissimlar electrodes in an
el ectrol yte.

GALVANI C SERI ES: A listing of nmetals arranged according to their
relative corrosion potentials in a specific environnent (such as
sea water).

GENERAL CORROSI ON: A type of corrosion attack uniformly distrib-
uted over a netal surface (sonetinmes called uniform etch corro-
sion).

GRAI' N BOUNDARY: A narrow zone in a netal corresponding to the
transition from one crystallographic orientation to another, thus
separating one grain from another. The atons in each grain are
arranged in an orderly pattern.

HEAT- AFFECTED ZONE: An area adjacent to a weld where heat has
caused mcrostructural changes which affect the corrosion behav-
ior of the netal.

HI D H gh Intensity Discharge (Type of illum nation)
HYDROGEN EMBRI TTLEMENT: A reduction of the |load carrying capa-
bility by entrance of hydrogen into the nmetal (e.g., during pick-
ling or cathodic polarization).
HYDROGEN- STRESS CORRCSION: A prenmature failure of a netal re-
sulting from the conbined action of tensile stresses and the
penetration of hydrogen into the netal.
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| ES: II'lum nation Engineering Society

| LLUM NANCE: The density of the lum nous flux incident on a sur-
face; it is the quotient of the |lumnous flux divided by the area
of the surface when the latter is uniformy illumnated. Typjcal
units are footcandl es and | unens.

| LLUM NATE: To provide, cover, orfill with |ight.

LUM NANCE: The lum nous flux from a point divided by the area
upon which it falls. See |IES Handbook. (Fornmerly PHOTOVETRI C
BRI GHTNESS. )

LUM NANCE RATI O The ratio of the luminances of any two areas in
the visual field.

MARI NE ENVI RONMVENT:  An environnment inmrediately adjacent to the
sea coast affected by prevailing w nds, fog, and other factors.

METAL: In the context of this advisory circular, a netal, netal-
lic alloy, or material or conbinations of those which exhibit
nmetal -1i ke properties (are electrical conductors) and are subject

to corrosive attack.

NANCNE;ER: A unit of length equal to one billionth of a neter
or 10 °~ nmeter. The nanoneter has replaced the angstrom unit as a
nmeasur ement of short wavel ength, electromagnetic radiation.

NEWION (N): The unit of force equal to 0.2232 |b.
NFPA: Nati onal Fire Protection Association

NOBLE: Refers to the positive direction of electrode potenti al
thus resenbling the noble netals (such as gold).

NONDESTRUCTI VE | NSPECTI ON: | nspection to detect internal or con-
cealed defects in materials using techniques that do not danage
or destroy the itens being inspected.

OBJECTI VE LENS: The optical |ens nearest the object being viewed
that receives the light fromthe object.

PASSI VE: A condition in which the behavior of a netal is nore
noble (less active) than its position in the Electronotive Force
Series would predict. A surface film protects the underlying
metal from corrosion (opposite of active).

PASSI VI TY: A phenonenon by which an active netal becones pas-
si ve.
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PI TTI NG A very localized type of corrosion attack resulting in
deep penetration at only a few sites (opposite of general corro-
sion).

PHOTOVETRY: The neasurenent of quantities associated with |ight.

REFLECTANCE OF A SURFACE CR MED Um The ratio of the refl ected
flux to the incident fl ux.

REFLECTED GLARE: G are resulting fromreflections of high lumi-

nances from polished or glossy surfaces in the field of view 1t
is usually associated with reflections fromwthin a visual task

or areas in close proximty to the region being viewed (see veil-
ing reflections).

ROOM UTI LI ZATI ON FACTOR: The quotient of the |um nous fl ux
(lunmens) received on the work-plane divided by that emtted by
the lum naire.

RELATI VE HUM DI TY: A ratio (percentage) of the anobunt of nois-
ture in the air conpared to what it could hold if saturated at a
gi ven tenperature.

RESI DUAL STRESS: A stress present in a netal that is free of ex-
ternal forces or tenperature gradients, usually the result of
fabrication processes, and can be tensile or conpressive in na-
ture.

RUSTI NG A type of corrosion attack limted to ferrous materials
which results in reddi sh-brown corrosion products.

SACRI FI CI AL PROTECTI ON: A reduction or prevention of corrosion
of netal by galvanically coupling it to a nore anodic netal.

SCALI NG A formation at high tenperature of thick corrosion
product layers on a netal surface or the deposition of water in-
sol ubl e constituents on a netal surface.

SEEDS: Smal | bubbles in glass introduced during the manufactur-
i ng process.

SMXE, SMXI NG A haze of solid detritus (blackened al um num
conpounds) caused by abrasion of a loose rivet and its surround-
i ngs.

STERADI AN (UNIT SOLI D ANGLE): A solid angle subtending an area
on the surface of a sphere equal to the square of the sphere ra-
di us.
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STRESS- CORRGSI ON CRACKING A premature failure of a metal as the
result of the conbined action of tensile stresses and a corrosive
envi ronment . The surface tensile stresses may be residual or ap-
pli ed.

TARNI SH: A surface discoloration of a nmetal caused by the fornma-
tion of a thin filmof corrosion product.

THRESHOLD STRESS: A limting stress at which stress-corrosion or
hydrogen-stress cracking will develop in a netal in a given expo-

sure period.

VAPOR-TI GHT LUM NAIRE: A lunminaire designed and approved for in-
stallation in danp or wet |ocations. It is also classified as
“encl osed and gasketed."

VEI LI NG REFLECTI ONS: Regul ar refl ections superinposed upon dif-
fuse reflections from an object that partially or totally obscure
the details to the seen by reducing the contrast (sonetines
called reflected glare).

VI SUAL TASK: The process of observing an object either with the
ai ded or unaided eye and naking an informed assessnent of its

condi ti on.

WATTS (W): Tine rate of transferring enerqgy. Power equal to one
joul e per second. The following table is a conversion of |ight
values to units of power.

Li ght Source* cd/in< kcd/m<

C ear sky 5.16 a

Candl e flane (sperm 6. 45 10
160-W i nside frosted bul b 77.4 | 120
160- W “whi te bul b" | 19.35 30

Fl uorescent |anp, cool white, T-12 bul b, 5.3 a.2

medi um | oadi ng

H gh-intensity, nercury-arc type H33, 2.5 968 1, 500

atm

Cl ear glass neon tube, 15 nm 60 mA 1.03 1.6
v G TRRAROOK B Bt L g T et EA Avabone, T
501 - 599. RESERVED.
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APPENDI X A. BEACHCRAFT, ATA CODE 57-10
SAMPLE | NSPECTI ON PROCEDURE

Wng Front Spar-Inspection of Upper and Lower Spar Caps.

Retyped with perm ssion of Beachcraft A Raytheon Conpany.
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Service Instructions No. 0514.035, Rev. II

All Models Except 17, 18, 19, 23. 24. 76 and 77

SUBJECT:
CAPS

SYNOPSIS OF
CHANGE:
spar replacement kits.

EFFECTIVITY:

Bonanza 35 senes;
Bonanza 36 senes.

Twin Bonanza 50 series,
Baron 95-55 senes.

Baron 56TC senes;

Baron 58 senes.

Duke 60 seres.

Queen Air 65 sernes.
Queen Alr 70 senes.
Queen Air 65-80 senes.
Queen Air 65-88 senes.
King Air 65-90 senes.
Travel Air 95 senes:

99 Airliner senes.

King Aiur 100 series.

Super King Air 200 senes,
that are 5 years old or older.

Beecm Arosn CODINON 11e1 OB NOTRAION K W D Of Owrwy
270 'ied tase QO EOE  Me orm of TYee Clsen O Sevos ramacCome
CLASS | 1Red BorOert 4 Changes vrpeCtond &G MOOMCANO™ 04 covad
110 1oy The (aCIOry ONLOeN COMOsa<m mardary CLASS i (Green
Borted ) COv e CRANGEL MOG'CIIONT  IMODvI™enil OF FMOSCTON 09 810Ny
ot Wl Largin e Owner SN0 NTOUGN NQfvy MCOMYTerOesd Nevy &9 O
OOt 8d MArdaary OO ANCR  eLd Weoted 8t M W™ O nlaxe
Tasst M0 U we ma@wO ©

‘4l BEECHCRAFT Ao O Aviaton Cerment MO WTema ONM
O smouront o Cesens
1 Owrert of recor0 on e FAA ReQnrsion vt ard Fe

s M2 Y90

SAMPLE INSPECTION

PROCEDURE
CLASS |

Seecheraft SIRVICE 1NSTRULTIONS

No. XOOX-XXX., Rev. X
ATA Code 57.10
Recurning lnspection

Kit No. 35-4008-1 s
Kit No. 58-4002-1 S
Kit No. 100-4002-1 s
Kit No. 100-4002-3 s
Kit No. 100-4002-4 §

WING FHONT SPAR. INSPECTION OF UPPER AND LLOWER SPAR

Added Super King Air 200 senes to tnspecton. Added information announcing
BEECHCRAFT Debonair/Bonanza 35.33 senes;

All Model 45 (T34A), B45 and D45 (T34B) airplanes;

NOTE

Special emphasis should be placed on aurplanes that have been operated

BEECHCRAST remaona Owrner homhcsion Servce Us
€1 Those AW § OUOICE ONE OB ON

CLASS 11 INC BOroer) Covent ChANQes wiath &8 ODUONE MU eNance Ay
NOOCT OOV e 1A3 G TVICHUANSOUS 347V E Do ton Caormomarce 8
8 e Owrer O OO B 1 OwOGalve Copws of Clasa 1l are G OUIed Ow B
ad ¢ AbOve NOrMa LN on Owner NOMCRION SeveCe O SuUOACHONOMS Cad De
oxaned YO W BEECHCRAAFT Aero o0 Avauon Cerr  Wremaione
OEroay ad Deser o0 Me Facrory As Servoe mMmimanoma s teued
O WY AOWTON © T O8I O] DE MA0s i My rOe: 8 Tved
WNTTY ww D8 SUOWed Oy W LOSCINCAXY 08'Twd N P Servce ramnuchons
MO " EKOOrOArce wan Beech VWartarwy Pocy
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REASON:

COMPLIANCE:

APPROVAL:
MANPOWER:

MATERIAL:

MODEL

Service Instructions No. 0514-035, Rev. 11

and/or stored for extended periods (5 years or longer) in areas where

geographical location and atmospheric conditions are highly conductive to
corrosion.

To inspect the upper and lower spar caps for possible corrosion.

Within the next 100 hours tune in service and at each subsequent annual
nspecton thereafter.

FAA Approved.
The following information 1s for planning purposes only:

Estimated man-hours for inspection: 1 hour
Suggested number of men: 1 man.

If replacement of the wing main spar becomes necessary, spar installation kits
are available for some models. For replacement spars on models not listed
below and required installation parts not contained in the kits listed below.
refer to the applicable BEECHCRAFT Parts Catalog. Kits and/or parts. if
required, may be ordered through BEECHCRAFT Aero or Aviation Centers
and Internatonal Distributors and Dealers. The value of the kits and/or parts,
required for the incorporation of these Service Instructions on one airplane is
to be advised. Prices, when issued. will be subject to change without notice.
Beech An-craft Corporation expressly reserves the nght to supersede. cancel
and/or declare obsolete any kits or publications that may be referenced in these
Service Instructions without pnor nohce.

NOTICE

All BEECHCRAFT kits, unless otherwise designated. are approved for
wstallation on BEECHCRAFT airplanes 1n onginal or BEECHCRAFT modified
configurations only. BEECHCRAFT kits may not be compatible with airplanes
modified by STC installation or modificanon other than BEECHCRAFT
approved Kkits.

PART NUMBER QUANTITY
DESCRIPTION
2 per airplane
Kit. Spar [nst’l. (contains
parts and information to
installn e w fwd. wing
spars. Spars are not
Included Order P/N 000-
110011-1(LH) or P/N 000-
11001102(RH) spar
assemblies ' Note: Ajl 35
series airplanes prior to D-
4866 must replace both
the LH and RH spars
simultaneousiy wnen
installing  fwd wilng
spars:
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Service Instructions No. 051-i-035, Rev. Il
MODEL PART NUMBER
All 95.53 through E55. 56. 55-4002-1 S
95 througn E35. 56TC, 60
and A60
All 65. A65: 70: 65-80, 65- 100-4002-1 S
AB0, 65-B80 thru LD-477;
65-86: 65.90. 65-A90. B90.
C90 througn U-624. E90
through LW.-87; 99, 99A,
A99A. B99 through U-153
that have not replaced the
O.B. wing main spar per
Service Instructions N o0 .
0986 or subsequent; 100
and A100 through B-193
Same as 100-4002-1 S 100-4002-3 S
Same as 100-4002-1 S 100-4002-4 S
WARRANTY: None.
SPECIAL TOOLS: None.
WEIGHT AND
BALANCE: None.
REFERENCES:
PUBLICATIONS
AFFECTED:
procedures.”

DESCRIPTION

Kit, Spar Inst'l. tccntains
parts and information ¢
installn e w  fwd wing
spars. Spars are not
Included. Order PIN 000-
110011-3(LH) or P/N 000-
110011-4(RH) for 95 and
55 series airplanes: order
PM 000-110011-5(H) or
PM 000-110011-6(RH) for
58 series airplanes. order
P/N 000-110011-7{LH) o r
PM 000-110011-8(RH) for
56TC and 6 0O series
airplanes.)

Kit, LH Spar Instl
(contains parts and
information to Install new
fwd. wing spars. Spars
are not Included. order
PM 000-110012-1(LH) or
P/N  000-110012-2(RH)
spar assemblies)

Kit. LH Spar Inst'l. isame
as kit P/N 100-4002-1 8
except PN 000-110012-1
spar assy. s Included.)

Kit. LH Spar Inst'l. (same
as kit PIN 100-4002-1 S
except P/N 000-110012-2
spar assy. 1s Included.1

QUANTITY

2 per arplane

2 per airplane

| per auplane

1 per auplane

The applicable Part s Catalog for al models on which spar installation kits do not
include the spars or on which spar installation kits are not available.

It 1S recommended that a note be made in the applicable secuon of all s hip manual
copies o0 “ See Service [nstructions So. 0514-035 Rev. Il for spar 1nspection

|?age 4




8/14/97 AC 43-204

Appendix A

Service Instructions No. 0514-035, Rev. Il

ACCOMPLISHMENT’

INSTRUCTIONS: The inspection of the upper and lower spar caps may be accomplished as described 1n
the followwng pmcedure.

1. Wash dl exposed area of the upper and lower spar caps using norma cleaming procedures.

2. Visudly inspect all exposed area of the upper and lower spar caps for paint blisters, raised areas
and/or unevenness and cracks in the metal. Paint blisters could be caused by corrosion. therefore. if blisters
are detected during the visual inspection the area of the blister should be examined closely for unevenness
and/or raised areas and cracks in the metal. The exposed area of the spar caps are extruded flat therefore,

areas of unevenness and/or raised areas on the spar caps could indicate corrosion and should be considered
suspect areas. (See illustration.)

NOTE

Areas of unevenness and/or raised areas on the spare caps may be
detected by sliding the fingers over the surface, by moving a
straightedge over the surface or by sighting down the length of the
spar cap.

3. If during visual inspecaon. any build up of a whitish sat-like non-metallic substance 1s
detected, the area should be examined carefully. as this is indicaave of corrosion. However. wax or

paint that may be trapped between the edge of the skin and the exposed secnon of the spar cap should
not be interpreted as corrosion.

4. If unusuar conditions are noted which cannot be resolved locally. advise Commercial
Product Support. Beech Aircraft Corporation, Wichita, Kansas 67201.

5. For models on which spar installation kits are available, instructions for installation of the
replacement spars are continued in the applicable kits.
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Appendi x A

Service Instructions No. 0514-035, Rev. 11

THIS ILUSTRATION REPRESENTS A

TYPICAL SECTION OF THE SPAR CAP

AREAS TO BE INSPECTED FOR

INDICATORS OF POSSIBLE CORROSION.

THE INDICATORS ARE ALL SHOWN IN ONE
AREA ANO ARE EXAGGERATED FOR CLARITY
CRACKS ANY ONE OR ANY COMBINATION OF THE
INDICATORS ARE CAUSE FOR FURTHER
INVESTIGATION.

BOX SECTION SKIN

SPAR CAP

LEADING EDGE SKIN .
o _AAC THIS RIVET PATTERN WILL VARY
ON DIFFERENT MODELS
PAINT BLISTER

Typical Section of the Spar Cap to be Inspected

RECORD

COMPLIANCE: Upon cornpletion of the imuoal and all subsequent inspectnons, make an
appropnate maintenance record entry. When kits are 1nstalled, it 1s
recommended that the pans list contained 1n the kit be filed for future
reference
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Appendi x B
APPENDI X B. BEACHCRAFT, ATA CODE 55-30
SAMPLE | NSPECTI ON PROCEDURE
Enpennage-Vertical Stabilizer - Part |, Inspection of the
Vertical Stabilizer Main Spar For Fatigue Cracks and/or N cks:
Part |1, Repair of Fatigue Cracks and/or Nicks in the Vertica

Stabilizer Main Spar and Angl e-Doubl er.

Retyped with perm ssion of Beachcraft A Raytheon Conpany
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Appendi x

B

8/14/97

G

Service Instructions No. 0530-134, Rev. 1

SAMPLE INSPECTION PROCEDURE
CLASSI

eecheraft SERYICE 1NSTRUCTIONS

SUBJECT:

SYNOPSIS OF

COMPLIANCE:

EMPENNAGE - VERTICAL STABILIZER - PART I, INSPECTION OF
THE VERTICAL STABILIZER MAIN SPAR FOR FATIGUE CRACKS
AND/OR NICKS; PART II, REPAIR OF FATIGUE CRACKS AND/OR
NICKS IN THE VERTICAL STABILIZER MAIN SPAR AND ANGLE.
DOUBLER

Changed Part | to require removal of the vertical stabilizer for inspection and

BEECHCRAFT 99, 99A. A99A and B99 Airliners. sermals U- 1 thru U- 151 wvath
2000 hours or more of hme 1o service. unless the intent of these Service

CHANGE:

changed inspection procedures.
EFFECTIVITY:

Insguctions has already been accomplished.
REASON:

To provide procedures for inspectng the vemcal stabilizer main spar and
angle-doubler for possible fatigue cracks and/or nicks and repair or
replacement of vemcal stabilhizer if cracks or nicks are found.

PART | a Inspecuon a 2000 hours of time in service.

PART | b. Inspecton at intervals not to exceed 500 service hours after the
initaal 1nspecunon wn Part | a unnl the new P/N 115-640000-605 stabilizer 1s
installed

PART Il. Repair or replace the vertical stabilizer as indicated 1n these Service

a8 W2390

[mstrucuons.

NOTE

The verucal stabihizer can be replaced or the doubler repair can be
made as a strengthening measure at any ume if the vemcal stabilizer
1s removed from the au-plane for any reason. If the doubler repair is
made following detection of a cracked spar or angle-doubler. the 500
hour inspection wntervals descnbed herewn should be connnued. If the
doubler 1s installed as a strengthening rmeasure with no evidence of
cracks 1n the spar. of if a new verucal stabilizer 1s installed. inspection
of the area may revert to normal routine i1nspection intervals.

Beecn Axaan COorporanon 115,81 36N CE NHOTMAIon I e Deneft of cwnens
AN 100 DASE OO n e iorm Of Mvee CALes Of Seror mymuchona
CLASS | (Red Boroer! /¢ ChAMEs MIOECTIONS MND MOMCAIONS ) COwd
afec! satety The 1acory CONBOe COMORAncE mancatory CLASS !l (Green
BOroer | COvert CRANGET MOOMCIIONT MOMOVeMent Of FaOeChon e !8Clony
loels wil Denett e Owred 810 AThOUGH hONty MECOMYTINOSC Ny &e NOt
CoMuoered MANdalony CUTORICE Wt JOICHEA & Ne e O! AMAance
Class ¢ NG 1! Me Maued 10

:a)  BEECHCRAFT Aqrr or Anaron Cemen any e ndieral
Ovstnouory an0 ODesens
1o wnary @ 7 on e FAA Regsrsion il and Ne

BEECHCRAFT imematona Owner Notrhcanon Servce Ust
1€)  Those Aavg & DUDRCIIONS FUDICIONON

CLASS Il (NO Boroert cOvers Changes wheth &% OONONS! MAMENANCE A
OrO0UCT IMOrOvernent kel aNd MEACHAATWOUS 10MVCe CYOommaton Comosance &
8t Me Owrar o Coeratr § prevogatve Copses of Class It are asmouied O &
M) € aDove OMaton on Owner NOCACENION SeNice o SUDICIONOM Can De
ootared mvougn ey SEECHCRAFT Agro or Avenon Cemer imemanonasl
Carror s Osswr o Me Factory As Sennos ymouwctom e Asued
1OMEOrLA OIAMINN € Ma 1°0AT HYuKd DE MAGR LNt e OSE & eveed
WAITINTY Wi DS M IWed Wy wiw ™ $7€0NT 80V Okl G N e Senice nEInaIone
aNC N ACCIOFGANCE wiin Boech Wamuney iy
/" LT y-r vy

49 ‘==
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AC A43-2019
Appendix R

DESCRIPTION:

APPROVAL:

MANPOWER:

MATERIAL:

NEW P/N

115-640000-605

CR2249-5-5
CR2249-5-6

WARRANTY:

SPECIAL TOOLS:

WEIGHT AND
BALANCE:

REFERENCES:

Service Instructions No. 0530-134, Rev. |

On the 1munal inspection, the vertical stabilizer is to be removed from the
fuselage and the main spar and angle-doubler are to be dye penetrant
wspected for possible fatigue cracks. If cracks are found. the stabilizer 15 to
be repaired or replaced as described hercin. If nicks are noted wn the flanges.
they are to be sanded smooth as described her-em. The doubler reinforcement
descnbed in Part Il is to be made. or as an opuon. the vertcal stabilizer is to
be replaced regardless of the inspection results.

If the doubler repair is made following detection of a cracked spar or angle-
doubler, the vertical stabilizer main spar flanges are to be visually inspected
with a 3 to 5 power magnifying glass at each 500 hour interval thereafter unnl
the vertical stabilizer has been replaced.

FAA Approval DOA CE-2.
The following information 1s for planning purposes only

Estimated manhours for first inspection: 8 hours.

Suggested number of men for first inspection: 2 men.

Estimated man-hours for inspection followang a doubler repair of a cracked
spar: 2 hours.

Suggested number of men for wnspection following a doubler repair of a cracked
spar 1 man.

Estumated man-hours for doubler installation: 16 hours

Suggested number of men for doubler installanon: 2 men.

Estimated man-hours for stabilizer replacement: 24 hours.

Suggested number of men for stabilizer replacement. 2 men

The following parts. if required, may be obtained through your BEECHCRAFT
Parts and Service Outlet

OLD PN DESCRIPTION QUANTITY PRICE"

115-640000-603 Verucal Stabilizer ! per mrcrart To Be Advised
Assembly

None Cherrylock rivet 6 per aircraft 3.38 each

None Cherrylock rivet 58 per aircratt 3,40 each

*Estumated suggested selling prnice. (Subject to change without notice

None

None

WEIGHT A RM MOMENT

(LBSH {INS) LBS. INS)

2 131 =62

BEECHCRAFT 99 Arhiner Semes Mauntenance Manual, PN oot L oor

subsequent
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AC 43-204 8/14/797
Appendi x B

Service Instructions No. 0530-134, Rev. |

PUBLICATIONS

AFFECTED: It 1S recommended that a note 1o “See Service lnsorucnons So 0530-13-1. ReV.
I” be made wn all 99 through BS99 Parts Catalog copies. PN 89-590014D or
subsequent. Figure 134.

ACCOMPLISHMENT

INSTRUCTIONS: These Service [nstrucnons may be accomplished as follows
PART | aFIRST | NSPECTI ON

1. Remove the rudder and the verucal stabilizer as instructed 1o Chapters 27-20 and 55-30
respectively of the Maintenance Manual.

2. Drill out the nvets on both sides of the lower vemcal stabilizer sufficiendy to lft the skins and
wnspect the main spar and the angle-doubler.

3. Using dye penetrant procedures as outlined 1n AC43.13-1A, wnspect both flanges of the main spar
and the angle-doubler in the curved area Just below the verucal stabilizer skin for possible cracks.

Also inspect the Joggle 1n the angle-doubler beneath the skin and just aft of the main spar flanges for
possible cracks See Figure 1.

4. Check the spar and angle-doubler flanges for mucks which could possible develop into cracks

—_
INSPECT
JOGGLE AREA
OF ANGLE.

INSPECTION AREA
INSPECT BOTH FLANGES

Figure | Verncal Stabihizer Assembly
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8/14/97 AC 43-204

Appendi X B

Service Instructions No. 0530-134, Rev. |
CAUTION

If apy cracks are found, contact Parts and Service Operauvons. Beech Aircraft Corporanon.
Wichita, Kansas. 67201, and report your findings for evaluanon before proceeding with Part
Il.

PART b. If the doubler repair 1s made following detecnon of a cracked spar or angle-doubler, the
following inspection must be made at each 500 hour interval thereafter untl the verucal stabilizer has
been replaced.

1. Remove the tail cone.

2. Lower the front of the horzontal stabilizer to gain the greatest accessibility to the verncal
stabilizer main spar where it is attached to the ax-plane structure.

3. Through the tail of the airplane. inspect both flanges of the main spar and the angle-doubler 1n
the curved area just below the upper fuselage skin (Figure 1) with the aid of a 3 to 5 power
magnifying glass.

NOTE

Remove the handle from the magnifying glass and fabricate a
temporary handle approxamately 24 inches long of wood or other
suitable matenal. Mount the mirror on one end of the fabricated
handle at an approxamate 90° angle to the handle 1o such a manner as
to hold it securely. (See Figure 2.1 The long handle will facilitate the
wmspection through the tail opening.

4. If no new cracks or nicks are found in the main spar or the angle-doubler flanges. the tail cone
may be rewnstalled.

5. If new cracks of nicks are found. proceed with Part Il for repair

REMOVE THE HANDLE SHOW AT RIGHT
AND MOUNT Oh’ A TEMPORARY HANDLE
AS SHOW AT LEFT

t
APPROXIMATELY 24"

(WOOD) HANDLE '
SIZE AND SHAPE

OPTIONAL

Figure 2 laspecuon Magmfving Glass
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Appendi x B

Service Instructions No. 0530-134, Rev. |
PARTI! | REPAIR

1. If nicks are found in the spar or angle-doubler flanges. they should be sanded smooth to lessen
the possibility of crack development.

2. If cracks are found in either the spar flanges or 1n the angle-doubler flanges but not in both on
the same side, to a maxarmum depth of .25-inch, a repair may be made to the vertical stabilizer
assembly as follows.

a. Slip a stainless steel shim between the spar flange and the angle-doubler flange to prevent

damage to the adjacent flange and grind out the crack. Leave a smooth edge and flair the area out
to the normal flange width. (Figure 3.)

b. Fabricate and install two doublers from .125-inch by 5.0-inches by 30.0-inches and two shim
spacers fromr ,025.inch by 2.0-inches by 12.0-inches, 2024-T3 aluminum alclad, as shown in Figure 3.

c. Install one doubler and one shim on each side of the vertical stabilizer as shown in Figure 3.
Reinstall the nvets which were removed in Part 1 for inspecnon of the doublers.

d. Srarung from a point approxamately 8-inches forward of the vertical stabilizer main spar and
aft from that point, drill out al rnvets which attach the vertical stabilizer/fuselage angle-fairing to the
fuselage.

e. Measure the width of the doublers at the vemcal stabilizer skin lower edge. (See Figure 3.) The
rectangular cutout 1n the upper fuselage should be lengthened to at least 1.5-inches longer than the
width of the doublers to allow clearance between the stabilizer and the dorsal fairing during
installanon of the stabilizer.

NOTE

It may be necessary to relocate the small angle at the aft of the cutout
in order to achieve the necessary clearance for the doublers.

f Reinstall the verucal stabilizer as descnbed in Chapter 55-30 of the Maintenance Manual.
NOTE
(heck the clearance between the forward surface of the main spar and
the bulkhead. If the two surfaces are not flush the gap should be

shimmed. (Shims may be fabricated locally from alurmunurm stock.)

g. Form the verucal stabilizer/fuselage angle-faimng around the doublers and reinstall the nvets
which were removed 1n step d. Reinstall screws to attach the angle-fainng to the vertical stabilizer.

h  mnstall and reng the rmadder and tnb per Chapter 27-20 of the Maintenance Manual.
3 The preceding doubler installation 1s to be made on al affected airplanes ror the verucal stabilizer

may he replaced with a new P/N 115.640000-605 vertical stabilizer assembly), regardless of whether
cracks are noted or not with the following excepuon
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Appendi x B

Service Instructions No. 0530-134, Rev. I

LEAVE EXISTING FASTENERS It-STALLED

AND ADD 16 EA CR2249.56 FASTENERS

ON EACH SIDE AS SHOWN ~—
24 ’

. REMOVE EXISTING MS20426ADS FASTENERS 5 e,
AND REPLACE WITH CR2249.56 AND ADD T e e VS 0 000
6 EA CR 2249.56 FASTENERS ON EACH SIDE Y

AS SHOWN
45° CHAMFER ALL ARQUND
9.40 <§§§3o6rn
P
. (4
20.8 e e LO0R
o wmons VS .8 500
| S— - “-L— — —
/ ‘@, DOUBLER (2 REQ))
e/ 125 X5.0X 300
74 2024-T3 ALUM ALCLAD
QQ-A-250/%
CR2249.5.5
"N (3 REQ.) ON EACH SIDE)
-~ ——ANGLE
.. DOUBLER
- - S VS .17.200
—{|0 >———a
MEASURE THIS DISTANCE
ML
FRONT SPAR AREA CRACKING OCCURRED
10 EQUAL SPACES
10.01 INSTALL SHIM-SPACER (2REQ.)
025X 2.0 X 12.0 2024-n ALUM ALCLAD
BETWEEN DOUBLER AND SPAR
SHIM AS RLQ. AND BELOW STABILIZER SKIN LINE
BETWEEN SPAPR

AND BULKHEAD
© INDICATES EXISTING RIVETS

Frgure 3. Fabncauon and lnstallaton of Doublers and Spacer - Sthums
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Appendi x B

Service Instructions No. 0330-134, Rev. |

If cracks are found in both the spar and angle-doubler flanges on the same side and/or the cracks
extend winto the nvet holes or winto the radius of the spar or angle-doubler, the vertical stabdizer
assembly must be replaced. Removal and reiwnstallation of the rudder and the vertical stabilizer are
descnibed in Chapter 27-20 and 55-30 respectively of the Maintenance Manual. rengging of the rudder
and tab 1s described in Chapter 27-20 of the Maintenance Manual.

RECORD
COVPLI ANCE: Upon completion of these Service Instructions, make an appropriate
maintenance record entry.
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Appendi x C

APPENDI X C. PRATT & VH TNEY
ENG NE GENERAL -1 NSPECTI OV CHECK - 00
SAMPLE | NSPECTI ON PROCEDURE

Task 72-00-00-990-004 Paras 1-4
Task 72-31-82-990-001
Task 72-31-82-990-002
Task 72-31-82-200-003

Retyped with perm ssion of Pratt & Witney.
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Appendix C

SAMPLE INSPECTION PROCEDURE

ENGINE GENERAL - INSPECTION/CHECK-00

Task 72-00-00-990-004
i Preliminary [nstructions

CAUTION: TITANIUM WELDMENTS AND ASSEMBLIES SHOULD NOT BE
PROCESSED THROUGH TRICHLORETHYLENE DEGREASERS OR
ANY CLEANER CONTAINING CHLORIDES IN ORDER TO AVOID
POSSIBILITY OF STRESS CORROSION ASSOCIATED WITH
ENTRAPMENT OF CHLORINE-CONTAINING MATERIALS IN
TIGHT FITTING AREAS. THIS RESTRICTION ALSO APPLIES TO
PARTS SUCH AS TITANIUM DISKS OR HUBS CONTAINING
INSERTS, SLEEVES, OR PINS. DISKS MUST BE DEBLADED
PRIOR TO CLEANING AND PRIOR TO FLUORESCENT
PENETRANT OR MAGNETIC PARTICLE INSPECTION.

A. Thorough and intelligent inspection of al engine parts is one of the controlling factors
in efficient and dependable maintenance. and too much emphasis cannot be placed on
the importance of careful inspection and the decisions 1t involves. Inspection personnel
must be thoroughly farniliar with instrucnons 1o this chapter. tn the requirements of
the Standard Practices Manual and in Repair Sections.

B. After engine 1s disassernbled and cleaned, arrange all parts of engine on inspection
table so that inspector can Judge the condition of engine as a whole and can readily
make reference to other engine parts which may have been affected by a worn part.
In this way, 1t will often be possible to determine at once the cause of any abnormal

wear.
2. Records and Limits
Al During 1nspectuon, keep a record of the condition of all parts and a record of all fits.

clearances. an d spring pressures. Refer to the specific fits and clearances
requirements in the appropnate InspectiorvCheck secnons of this manual for proper
limits. Attach a tag, indicating that replacement is necessary. to any part which 1s
found to be unfit for further service. Attach a tag describing necessary refurbishment
to any part which requires repair If refurbishment will affect a fit or clearance. tag
must remain with part untl final assembly and must be marked with a warning to
check fit or clearance.

B. When a new part is to be installed and 1t Is important that 1t be identified as to engine

number or position 1o engine; mark it by appropriate method descnbed 1o Marking of
Parts wn Standard Pracuces Manual.

C When making out wnspection records Or reports, use only descmptive words which
accurately qualify exastung condiuons. In order to eluminate contusion and to maintain
consistent terminology, the vanous phyvsical conditions and the determination of the
usual causes of wear or damage to engine parts which might be encountered dunng

inspectuon are defined in the Physical Inspectuon Section of Standard Practices a
Manual

Page 802
EFF ALL
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Appendi x C

Pratt & Whitney
PW4000 SERIES ENGINE MANUAL (PN 50A443)

ENGINE GENERAL - INSPECTION/CHECK.-00

Task 72-00-00-990-004:
D. If inspection reveals it necessary to replace a fitted spacer. tag spacer to indicate that
replacement must be made with a part of correct ¢lassification at assembly,

3. General Inspections

A. See Standard Practices Manual as follows:
(1 Physical Inspection
12) Magnetic Particle [nspection
(3) Fluorescent Penetrant Inspection
(4) Surface Treatments
{5) Welding
(6) Gage Inspection

4, Corrosion_Prevention After Inspection

A. Equipment and Matenals:

Item No. Designation

P95-035 Corrosion Preventive Qil
(AMS 3065)

B. After wnspecuon, whenever it 1s deemed that sufficient tune will elapse before
reassembly to allow damage to parts from corrosion, cover all unprotected surfaces of
magpestun and steel parts., or any parts with which corrosion difficulties are
experienced, with Corrosion Preventive Qil (P05-035). Unless the parts are otherwise
preserved for longer periods of time, they should be recoated with Corrosion Prevention
Oil (P0Q5-035), every four days.

Page b03
EFF ALL
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Appendi x C

[

STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK-00

Task 72-3 1-82-990-00 1.

L Inspection/Check Part Number Index State 1 LPC Blade Assemblv
A Inspection Functional Arrangement
(n Inspection/Check-01 through InspectiorvCheck-06 contain procedures for

complete inspection of Stage 1 LPC blade assembly. Inspection function and
applicability for this part are shown in Table 801.

| NSPECTI ON/ CHECK INSPECTION/CHECK INSPECTION/CHECK

NUVBER CATEGORY APPLICABILITY

0-1 Preinspection Applicable
Preparadon

-0-2 Non-destructive Applicable
Inspection

-03 Visual 1nspection Applicable

-04 Dimensional Apphcable
[nspection

-05 Functional Check Applicable
Inspection

-06 Inspection Applicable

Postrequisites

Inspection Functional Arrangement

Table 801
B. Inspection/Check Part Number Index
(1) Table 802 is a listing of part numbers and appropriate Inspecton/Check

numbers. Referenced service bulletins are listed for parts introduced or
obtained by service bulletin incorporation.

PART SERVICE
NUMBER INSPECTION/CHECK BULLETIN
52A121 01.02,03.04,06 PW4ENG 72132
53A321 01.02.03.04.06 PW4ENG 72-132

Inspection/Check Part Number Index
Table 802

Page 804
EFF ALL
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AC 43-204
Appendix C

Pratt & Whitney

PW4000 SERIES ENGWE MANUAL (PN 50A443)

STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK.-01

Task 72-31-82-990-002:

EFF ALL

1 Preinspection Preparation - Stage 1 LPC Blade Assemblv
Al Prerequisites
(N See [nspecton/Check-80 (Task 72-31-82-990-001) for functional arrangement

and part number applicability.

Equipment and Matenals Required . None

Procedure

See Figures 801, 802 and 803.

WARNING TO AVOID POSSIBLE INJURY TO HANDS. GLOVES

SHOULD BE WORN WHEN HANDLING BLADES.

CAUTION NICKS IN LEADING AND TRAINING EDGES BECOME

INCREASINGLY CRITICAL THE CLOSER THEY ARE TO
ROOT OF BLADE. THEREFORE. ANY INJURY TO THAT
PORTION OF BLADE FROM PART SPAN SHROUD TO
PLATFORM MUST BE TREATED WITH EXTREME CARE.

{1 Following 1nstructnons are standard wnspection cntena which apply throughout
inspection procedures.

(a)

dh

(e

Blade limits are evaluated from a standpoint of structural integrity.
The use of a substantial number of blades repaved to or near
maximum limmits, or use of blades baving many repaired areas. may

adversely affect compressor efficiency and therefore engine
performance.

All blade surfaces must be smooth and al evidence of previous leading
and trailing edge repairs should be smooth with a minimum edge
thickness as shown wa Figure 802 maintained.

All blade Limits are based on onginal edge contour, therefore, all
blends 1o one location are curnulative. For example. if blend depth
limut is made, no further blend nor the sum of several future blends
may exceed the maxumum blend depth at that locamon Blends
directly opposite one another on leading and trailing edge are also
cumulanve and must not exceed rmaximum depth of singie leading or
trailing edge blend.

Maximum depth blends on leading and trailing edges must be

separated by mimimum distance equal to mean chordal length of blade
See Figure 303

Lunits apply 10 damaged area after blending and oot to magnitude of
damage measured before blending.

Page 801
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Appendi x C

8/14/97

AIRFOIL
ROOT SECTION

EFF aLL

OUTER PORTION

OF BLADE \

LEADING EDGE _\

INNER PORTION /
OF BLADE

_/

— —u

STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK-01

BLADE TIP

fPART SPAN SHROUD

SHROUD TO AIRFOIL
RADIUS (4 PLACES)

I

FRONT AND REAR
SHROUD RADIUS
AREA (FOUR PLACES)

/TRA|L|NG EDGE

BLADE)

ROOT SECTION

PLATFORM TO AIRFOIL
RADIUS {ALL AROUND

—=== PLATFORM AND BLADE

— PLATFORM SEAL

Blade Area Nomenclature

Figure 801

(Task 72-31-82-990-002)

Page 802
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Appendi x C
Pratt & Whitney
PW4000 SERIES ENGINE MANUAL ( PN 50A443)
STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK.-01
x|
4 ' \
/\
2
0 K |
A A
SECTION A - f
/’/ ——L
3 = L-A0968
4\ 1285
L Minimum Trailing Edge Thickness As Measured At Index 2 To Be 0.020 Inch 10.51 mm).
2. 0.040 Inch ( 1.02 mm’ - Measure Leading And Trailing Edge Thickness At This Dimension
3. 12.229 Inch (310.617 mm: - Minimum [eading Edge Thickness As Measured At Index 2 To Be
0.038 Inch (0.965 mm).
4. Mimumum Leading Edge Thickness As Measured At Index 2 To Be 0.027 Inch (0.686 mm).
leading And Traiing Edgr Mimumum
Thickness Limits
Figure 802
«Task 72 31.82.990-002»
Page 803
EFF ALL
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Appendi x C

sTAGE 1 LLPC BLLADE ASSEMBLY . INSPECTION/CHECK.01

l. -A0969

1. Mean Chordal Length Measured Equndistant Between Blends.
Blends Must Be separated By Muurourn Dimension Equal To Index 1 Dunension

2]

Minnroum Blend Separauon
Figure 803
iTask 72 31.82.990.002)

Page BO4
EFF ALL
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Pratt & Whitney
PW4000 SERIES ENGINE MANUAL (PN 50A443:
STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK-01
n If two or more heavily blended blades arc found grouped together. an

EFF

ALL

attempt should be made to redistbute these blades and theur
matching blades evenly throughout rotor.

(g) Total Length of leading and trailing edge blends must not exceed four
inches (101.600 mm) and there must not be more than two blends to
maxarnum depth limit per blade.

(2) Visually check leading and trailing edges of blade for damage whenever foreign
object damage is suspected.

NOTE: Use of strong lights and mirrors as well as fingernails and fingertips
may aid in locating damaged areas.

CAUTION. USE EXTREME CAUTION WITH ANY ELECTRICAL EQUTP-
MENT IN THE VICINITY OF BLADE. CONTACT WITH
ANY ELECTRICAL SOURCE THAT MAY PASS CURRENT
TO BLADE SURFACE CAN CAUSE AN ARC BURN. ARC
BURN CAN RESULT IN LOCAL DEGRADATION OF
MATERIAL PROPERTIES AND CRACK INITIATION.

(3) When checking blades for foreign object damage visually wnspect for arc bum.
Arc burn 1s evidenced by a small circular or semi-circular bead affected area
on blade surface that may contain shallow pittng, remelt or a crack. Blades
with arc burn are not acceptable for further serwvice.

(4) The following procedure s recommended for inspecton of 1st stage blade
assembly after refurbishment or repair.

‘a) Visually inspect blade using a bright light, murrors. a 3X glass.
fingerups and fingernails, specifically looking for small depressions
that interrupt surface contour. Refer to PWA Color Photographs for
condiaons that have been observed.

(b) Peening tends to remove evidence of heat discoloration and to smooth
damage. making 1t less visually apparent

tc) Elecmcal discharge damage has been observed 1n two different forms:

|—

Strong geometnc shapes such as ovals. crescents. or rectangles
depressed into blade surface might be caused by contact with
a rod or wire carrying an elecmcal charge.

2 Coarse lnear indicauons, typically composed of small
overlappilng craters or pits.

NOTE Regardless of form. damage 1s a local phenomenon.
ualike erosion pitung. and damage houndanes do not
have raised matenal as does damage from foreign
object damage

Page 305

-
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STAGE 1 LLPC BI.LADE ASSEMBLY . INSPECTION/CHECK-01

(5) Blades suspected of having electncal discharge damage must he removed from
service immediately, and blue etch anodize-inspected to confirm damage.

CAUTION:  ELECTRICAL DISCHARGE DAMAGE IS NOT REPAIRABLE
BY BLENDING. TH S DAMAGE PRODUCES A HEAT
AFFECTED AREA VWHI CH NMAY EXTEND UP TO 0.060
INCH (1.524 MM) DEEPER THAN VISIBLE DAMAGE. ANY
BLADES EXHI BI TI NG THI S DAMAGE SHOULD BE
RETI REDFROVBERVI CE.

(6) The blending procedures described herewn are intended to ensure that all
subsurface as well as surface damage 1s removed. It is cnucally important
that the blending procedures be followed carefully whether performed in the
shop or on the wing. Proper blending must be performed 1n successive stages:
Removal of the visible damage, confirmation by eddy current or fluorescent
penetrant inspection that all surface damage has been removed and, finally,
removal of additional matenal to ensure the removal or subsurface deformed
material.

D Preparatnon For lnspection
(1) Disassemble and remove attached part(s). Not Applicable
(2) Remove surface treatments See Repay-06 (Task 72-31-82-300-006)

(3 Clean base matenal - See 72-31-00, Cleaning-01 (Task 72-31-00-100-001)

Page 806
EFF AlLL
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Pratt & Whitney
PW4000 SERIES ENGINE MANUAL (PN 50A443)

STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK-O3

Task 72-31-82-200-003:
Visual Inspection . Stage 1 .PC Blade Assemblv

NOTE Comply with the following procedures whenever foreign object damage 1s suspected,

A Prerequisites
(1) See lnspection/Check-00 (Task 72-31-82-990-001) for functional arrangement
and part number applicability.
(2) See Inspectior/Check-01 (Task 72-31-82-990-002) for general wnspection data,
B. Equipment And Matenals Required - None
C. Inspect State 1 LPC Blade Assembly For Damage

See Figures 801 through 803.

(D Inspect airfoil, except leading and twadkiog edges for damage. Followang types
of damage should be blended per repair-02 (Task 72-.31-82-300-002) within
limits specified in Figure 801.

NOTE: Limits shown in referenced figure refer to masxamum matenal removal
allowed during blending and not to actual depth of damage before
blending. Damage at or near maxamum limits shown will not be
reparable if blending will exceed these limits.

(a) Sustained indentations with compressed matenal and raised edges.
b) Injuries with small radii or ragged edges.
(¢) Tip curl damage.

0 2) Inspect leading and trailing edges for foreign object damage such as nicks and
dents These defects must be blended per Repair-02 (Task 72-31-82-300-002).
See Figures 801. 802 and 803. No cracks or tears are permitted.

(a) Damage. not within c¢ntcal area, should be blended if it exceeds 0.020
inch 10.51 mm’ depth.

(b) Damage, within critical area. should be blended if it exceeds 0.005 inch
(0.127 mm! in depth.

(c) Damage not exceeding 0.005 inch (0.127 mm) in depth need not be

blended provided matenal 1s not torn.
D. Aurfoil Root Section Blend Limuts

See Figure 803.

NOTE Amount of matenal removed in previous blend repairs wn root section 1s
marked on blade platforrn as shown 1n Figure 804, Aunount marked 15 total
of all repairs either to leading or trashing edge and should be a consideraton
when determuning f damage 1s reparable

Page 807
ALL

Page 11




AC 43-204 8/14/97
Appendix C

STAGE 1 LPC BLADE ASSEMBLY . INSPECTION/CHECK-03

3
11 10
9
4 PLANE
TANGENT
ZTANGENT
T { .
90° 80
section A -A L-AlI057

CHORD LENGTH MEASUREMENT

Awrfoul Inspection Lamits
Figure 801
«Task 72 31.82.200-003)

Page 8B0R
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Pratt & Whitney
PW4000 SERIES ENGINE MANUAL (PN 50A443)
STAGE 1 LPC BLADE ASSEMBLY - INSPECTION/CHECK-03

L Blade Tip Blend Radius . 1.500 Inches (38.100 mm) Maxtmum
2. Leading Or Trailing Edge And Tip Blend Area - Blend To Be 0.750 Inch « 19.050 mm) Deep

Maximum.
3. 19.515 Inches 1495.681 mm.
4 Cnucal Area - Depth Of Blend To Be 0.250 Inch (6.350 mm) Maximum Except FOI'  Airfoil Root

Secton. See Index 5 Dimension
5. 1.000 | nNch (25.400 mm) - Damage In Airfoil-To-Platfform Radius Area Cannot Be Blended

Except Per Airfoil Root Section Blend Limits In Paragraph D.

No Damage Or Blending Pertmitted In Shroud-To-Airfoil Radius Or Platform-To-Airfoll Radius.

Concave And Convex Blade Surface Blend Area . Depth Of Blend In This Area To Be 0.030

inch 10.762 mm) Maximum (Round Bottom).

a Leading Edge Blend Area - Depth Of Blend To Be 0.500 Inch ( 12.77 mm) Maxamum.

9. 6.300 Inches (160.020 mm)

10. 18.500 Inches (469.900 mm)

11 22.500 Inches (571.800 mumn)

12. @.500 Inch (12.700 rmm), Pour Places.

13. Minimum Chord Length To Be 6.950 Inches (176.530 mm) Within 6.390 Inches ( 160.020 rom)
Of Leadmg Edge Platform. Chord Length Must Be Measured Tangent To Blade Leading And
Trailing Edges And Parallel To Phase Z.

Ao

NOTE Damage which affects both Index 1 and Index 2 must be blended by combining both
limuts to produce a smooth blend.

Key To Figure 801

bage 309
PEE Al

Page 13 (and 14)
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APPENDI X D. PRATT & WWH TNEY
ENG NE GENERAL - | NSPECTI OV CHECK - 01A
SAMPLE | NSPECTI ON PROCEDURE

Task 72-00-00-990-009
Retyped with permssion of Pratt & Witney.
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F
SAMPLE INSPECTION PROCEDURE
ENGINE GENERAL - INSPECTION/CHECK-01A
Task 72 00 00-990-009:
1 General Borescope [nspection Procedures And Borescope Access Port (AP Data
A Equipment And Materials Required
Specia Toals:
PWA 85572-I Compressor Rotating Kit (Foot Operated, Optional
PWA 85572-2 Compressor Rotating Kit (Hand Operated) Optional to PWA 85572-1
Special Borescope Equipment:
See Paragraph 1. C. Special Borescope Equipment.
Consumable Materials:
Item No. Designation
P03-001 Qil. Engine {PWA 521B)
P06-003 Compound, Antigalling (PWA 586-3)
Expendable Parts:
PARTS CATALOG REFERENCE
PART NAME QUANTITY SECTION FIGURE ITEM
Packing 1 72-61-00 8 160
B. General
See Figures 801 through 804 and Table 801.
Angular Recommended
Location Maxamum Probe
Access Clockwise Partts) Viewable Diameter
Port From Rear For Inspection Inch/imm)
Thru 1st C-Vane
Fan 1st C-Blades
AP-1 245”7 (1) Rear of 4th C-Blade
Front of 4th C-Vane
AP.2 233° Rear of 5th C-Blade .270/6.8
Front of 6th C-Blade
AP.3 231° Rear of 6th C-Blade 27068
Front of 7th C-Blade
Borescope Access Port t AP) Data
Table 801
Page 802
EFF. ALL
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Pratt & Whitney
PW4000 SERIES ENGINE MANUAL ( PN 50A443)
ENGINE GENERAL - INSPECTION/CHECK-OI1A
Angular Recommended
Location Maximum Probe
Access Clockwise Part(s) Viewable Diameter
Port From Rear For Inspection [nch/(mm)
AP-4 127 Rear of 8th C-Blade .270/6.8
Front of 9th C-Blade
AP-5 214 Rear of 10th C-Blade 270/6.8
Front of 11th C-Blade
AP-6 98" Rear of 12th C-Blade 27068
Front of 13th C-Blade
AP-7 80" Rear of 14th C-Blade 270078
Front of 15th C-Blade
AP-8 217 Fuel Nozzle .444/11.3
Combustion Chamber
1st T-Vane
AP-8 45" Fuel Nozzle .444/11.3
128" Combustion Chamber
172" (2) 1st T-Vane .444/11.3
225"
338" (3)
AP-9 93" Front of 1st T-Vane .270/6.8
Front of 1st T-Blade
AP-10 139" Rear of 2nd T-Blade .270/6.8
Front of 3rd T-Blade
AP-11 215" (4) Rear of 1st Turbine Blade 444/11.3
Front of 2nd Turbine Blade
Thru 6th T-Blade  eeeeeen-
Exhaust 6th T-Vane
Case
struts
NOTE. ( 1) Flexible probe required at this access port topuonal all other ports).
(2) Right angle eye piece required at this access port.
13) Right angle eye piece desirable at this access port
‘4) Optional borescope port location
Borescope Access Port (AP) Data
Table 801 (Continued:
Page 803
EFF ALL
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Pratt & Whitnpey
PW4000SERIES ENGINE MANTAL (PN 50A443:

ENG NE GENERAL- INSPECTION/CHECK-01A

45°
o
172°
(AP-8) (AP—7}

DIFFUSER CASE \
14TH STAGE STATOR

AP-8
LOCATIONS

!
t
|
]

TRANSITION DUCT {LPT INLET}

N

!
!
i.
[
i
{
\ !
S e —— r

\ — -
COMBUSTION CASE = 8TH STAGE STATOR
" 1290 \
{AP-10) o
3 127°
12TH STAGE STATOR =— L A4366
(AP -9} LAP-41
9g°
{AP -6}

Borescope Access Ports ' Right Side)
Figure 801 (Sheet 1t
tTask 72-00-00 920-009)

Page 804
EFF ALL
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ENG NE GENERAL- INSPECTION/CHECK-01A

O ne

o
337 ap_2) IAP-11 OPTIONAL)

5TH STAGE STATOR 2ND STAGE VANE

=T
~

EFF ALL

4TH STAGE STATOR
(2.5 BLEED VALVE OPENING)

245°£::::>

(AP-1}

DIFFUSER CASE

LOCATIONS 338°

277°

o
225 {AP-8)

— 10TH STAGE STATOR

6TH STAGE STATOR

Q 214°Q L-A0634

231° (AP-5) 0668

(AP-3}

Borescope Access Ports (Right Side
Figure 801 (Sheet 1)
(Task 72.00-00-990-009:

Page 805
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Prat t &hi t ney
PW41000 SERI ES ENGNE MANUAL (PN 50A443)

ENGINE GENERAL - INSPECTION/CHECK-OIA

P8 o
AP9 L AP10

,,a—ﬁ"‘f_r—c-:'\“ AP11
(OPTIONAL)
AP2-7.9, 10 .................. LOW MAGNIFICATION RIGID BORESCOFPE,
(.270 INCH/6.8 mm BARREL DIA. MAX.)
AP8, 1 T.oeieecererames sernennrnnes HIGH MAGNIFICATION RIGID BORESCOPE.
{.444 INCH/11.3 mm BARREL. DIA. MAX.)
AP-1 ererrrneeeenreesvennnnnnness FLEXIBLE BORESCOPE,
(OPTIONAL FOR (.270 INCH/6.8 mm CABLE DIA. MAX.)
AP2-7)
THRU FAN....co.oee oo FLEXTBLE BORESCOPE
{STG. 1 VANE. { .270 INCH/ 6.8 mm CABLE DIA. MAX.1

STG. 16 BLADE!
—-OR—

LOW MAGNIFICATION RIGID BORESCOPE
{ 270 INCH/ 6 8mm BARREL DIA. MAX.)

Borescope Access Ports (Right Side)
Figure 801 (Sheet 2)
(Task 72-00-00-990-009)

L-A0640
0490

Page 806
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ENG NE_ GENERAL - INSPECTION/CHECK-01A

(SCAVENGE
PUMP DRIVE)
BEARING
HOUSING
ASSEMBLY\

,{/,

/f/.,
‘/\F- . \\/ P
*
LMANUAL CRANK PAD COVER
L — A0646
MAIN GEARBOX 0888
FRONT VIEW
Manual Crank Pad Locanons
Figure 803
iTask 72-00-00-990-009)
Page 807
EFF ALL
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ENGINE GENERAL - INSPECTION/CHECK-01A

BOR ESCOPE PROBE

/‘/— COWL CLEARANCE

N\

| . .
. \
4// : N )
PRIMARY GAS PATH ' N \
4 AN Y PROBE WORKING LENGTH
N N AN
\ i \/_
AY

. L \\ {

PROBE OVERALL LENGTH

N

N \,
o\
.

,-INSPECTION DEPTH

/\ L -A0650

Borescope Probe Working Specifications
Figure PO4
(Task 72-00.00-990-009)

Page 808
EFF: ALL
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EFF ALL

(2)

ENGINE GENERAL .- INSPECTION/CHECK-01A

WARNING BORESCOPE INSPECTIONS MUST BE PERFORMED IS A
PROTECTED AREA. IF INSPECTIONS ARE PERFORMED
IN WET WEATHER. APPROPRIATE PROTECTIOS MUST
BE USED TO PREVENT DAMAGE TO EQUIPMENT OR
POSSIBLE ELECTRICAL SHOCK TO THE OPERATOR.

CAUTION BORESCOPE INSPECTION LIMITS ARE DERIVED FROM
TESTING AN D STRUCTURAL ANALYSIS. CONTINUED
SERVICE OF PARTS AT OR NEAR MAXIMUM LIMITS MAY
NOT BE ECONOMICALLY SOUND BECAUSE OF
PERFORMANCE LOSS OR REDUCED PART LIFE.

The provisions for borescope inspection of the engine represent a significant
aid to effectve maintenance. Borescope access IS incorporated at 15 locations
{ 16 for engines utilizing AP-11) along the engine gaspath. alowing for detailed
examination of critical internal engine areas.

NOTE: Borescope ports used in the following procedures are identified by their
"AP" (access port) designation as shown wn Figures 801 and 802.

The regular inspecton interval referred to in this procedure 1s obtained from
the Maintenance Planning Guide. The reduced inspection interval is set at
half that value. These inspecton intervals may be adjusted based on operator
expenence and consultation with the local regulatory agency.

Special Borescope Equipment

(1)

(23

CAUTION : TEMPERATURES IN AREAS TO BE BORESCOPED
SHOULD BE PERMITTED TO COOL TO BELOW 150°F
(65.6°C) FOLLOWING ENGINE OPERATION. DAMAGE
MAY RESULT TO BORESCOPE EQUIPMENT IF
EQUIPMENT IS EXPOSED TO GASPATH OR METAL
TEMPERATURES IN EXCESS OF 150°F (65.6°C). AS A
GUIDE - IF ADJACENT CASES ARE TOO HOT TO TOUCH
COMFORTABLY, INSPECTION SHOULD BE DELAYED.

Borescope wnspection equipment for the PW4000 engine should satsfy the
requirements of CTE 6181 as published by Support Equipment Engineenng,
Pratt & Whitney, Commercial Products Division. Middletown. CT 06457.
U.SA.

Specification CTE 6181 identifies the equipment and associated hardware
(such as power source, light cables, adapter etc.) required during borescope
inspection and sets the quality and functional standards for this equipment.
In summary the following borescope equipment is recommended.

al Low magnificaton ngid borescope .......... AP2.7, 9
(0.270 1pch/#6.8 mm) barrel diameter maximum )

b) High magmficaton ngid borescope .......... APB. 11
10.444 1och/ 11.3 mm ) barrel duameter maxamurm

(l Flexible borescope . . AP- 1. t opuonal for AP2.7

10.270 1nch/t6 8 mm » cable diameter maxarnum

Page €09
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PW4000 SERIES ENGINE MANUAL (PN 350A443)

(3) Optional borescope equipment and sizes are also provided in CTE 6181 to
enhance the borescopmg capability and ease the task for the wnspector. These
items range from clamping equipment to hold the borescope 1o position to
optical video equipment to view and videotape record the borescopmg session
for later 1n depth review.

D. Rotation Of High Pressure Rotor During Borescope Inspection
See Figure 803.

(1 Full 360 degree borescope inspection of the high pressure rotor can be
accomplished using the rotor-cranking provision on the gearbox.

(2) Remove manual crank pad cover (Figure 803) on main gearbox.

CAUTION: DO NOT REMOVE THE GEARBOX (SCAVENGE
PUMP DRIVE) BEARING HOUSING ASSEMBLY.
INSTALLATION OF THE BEARING HOUSING
ASSEMBLY IS DIFFICULT. INCORRECT
INSTALLATION WILL DAMAGE THE BEARING.

(a) Remove two bolts and two washers securning manual crank pad cover.
Using PWA 85768 Puller, remove crank pad cover. Discard packing
from stem of cover.

(b) Attach PWA 85572-1 Foot Operated Rotator or PWA 85572-2 Hand
Operated Rotator to N2 rotator pad. Make sure socket drive in the
angle dnve adapter aligns correctly with hex end of o pump idler gear
1n gearbox and secure using two 1/4 - 28 cap screws provided. Attach
an aiwr supply to the pneumaac motor. Actuate uswng foot or hand
control.

NOTE: Use of motor-dnve umt will free operator to use both hands to
positon and adjust the borescope. It is recommended that
rotaton be stopped as each rotor blade is posinoned properly
for mspecnon. This will allow thorough. detailed appraisal of
each blade’s conditon.

(3 Install manual crank pad cover.

(a) Install packing lubncated with Engine OQil (P03-001), 1n groove on stem
of manual crank pad cover. Install cover and secure with two washers
and two bolts lubncated with Anugalling Compound « P06-0031.
Torque bolts to 62 72 lb-1n. (7.005 . 3.135 N.m).

Page 801¢C
EFF ALL
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APPENDI X E. DC-9 SERVICE BULLETIN
SAMPLE | NSPECTI ON PROCEDURE

Excerpts of Douglas Aircraft Conpany MDonnell Douglas DC 9
Service Bulletin Aert. Bulletin AS3-232, March 28/90.

Retyped with perm ssion of Douglas Aircraft Conpany MDonnell
Dougl as
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SAMPLE VISUAL INSPECTION PROCEDURE
DOUGLAS AIRCRAFT COMPANY

MCDONNELL DOUGLAS

) o

FUSELAGE -

A

SERVICE BULLETIN

Main Frame - Inspect/Repair Aft Fuselage Ventral Pressure Bulkhead Tee.
SUMMARY

This Alert Service Bulletn 1s affected by Federal Avianon Administration
Airworthiness Direcave No. 99-16-12 Amendment 39-6287. effective September 7.
1989.

This Alert Service Bulletin is apphcable only to aircraft equipped with ventral aft
pressure bulkhead which have accumulated 35.000 or more landings.

Replacement of all six aft pressure bulkhead tee sections with new unproved parts per
this Alert Service Bulletin consntutes closing action for the repetitive inspection
requirements of this Alert Service Bulleun

This Alert Service Bulletin supersedes but does not cancel the requirements of DC-9
Alert Service Bulletin XX.XXX. Only aircraft listed in this Alert Service Bulletin that
are contained 1n the Affectvity of Alert Service Bulletin XX-XXX are affected by this
conungency.

This Alert Service Bulletin 1s 1ssued as a partial record-type change. A servace rework
drawing or aperture cards are furmished 1o heu of illustrations.

1. Planning Information:

Affecovity:

(1 An-craft Affected

DC-9. Senes 10. 20. 30, 40. 50, and C-9,
DC-9-81, -82, and -83 tMD-R81, -82 and 83

ALERT
ﬂ( Q — Loy

tAcDonnell Douglas Corporation (MDC) proprietary rights are included 1n the information disclosed
herein, and reciprent by accepting this document agrees that the information 1s propnietary 10 MDC.
MOC authorizes recipient 1o reproduce such tnformation in other documents created for internal
use f these documents are protected similarty by a proprietary legend.

Bul I et i nXX-XXX

hiarch 28' 90
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SAMPLE VISUAL INSPECTION PROCEDURE

FUSH F L > S . FSN) FUS (FSN) FUS (FSN' FUS (FSN) FUS (FSN\»

1160 149257, 1185 149265) 1210 (49291; 1235 149236) 1260 (49415) 1285 (49394
1161 (492581 1186 (49250) 1211 (49292) 1236 (49383) 1261 149402) 1286 149395,
1162 (492591 1187 (49288) 1212 (49293) 1237 149384) 1262 (49216) 1287 1493861
1163 149263) 1188 149206) 1213 (49294) 1238 49266 1263 49421, 1238 (49387
1164 (492691 1189 149207) 1214 (49295) 1239 49267 1264 (49422) 1289 (49324)
1165 (492701 1190 (49208) 1215 (49296) 1240 49425 1265 (49318) 1290 (49352)
1166 (49271) 1191 (49209) 1216 (49297) 1241 49428 1266 (49319) 1291 149443)
1167 149272) 1192 (49210) 1217 (49298) 1242 49429) 1267 (49320) 1292 (49501)
1168 (49273) 1193 (49289) 1218 (49299) 1243 49213 1268 (492171 1293 (49478)
1169 (49252) 1194 (49280) 1219 (49300) 1244 49385 1269 (49390) 1294 (49358)
1170 (49202) 1195 (49290) 1220 (49301) 1245 (49214) 1270 (49391 1295 (49326)
1171 (49264) 1196 149366) 1221 (49302) 1246 (49309) 1271 (49416) 1296 (49327)
1172 (49188) 1197 (49367) 1222 (49303) 1247 (49310) 1272 (49392) 1297 (49479)
1173 (49189) 1198 (49368) 1223 (49304) 1248 (49311) 1273 149321) 1298 (494803
1174 (49203) 1199 (49369) 1224 (49355) 1249 (49312) 1274 (49218) 1299 (49283)
1175 (49286) 1200 149281) 1225 (49380) 1250 (49356) 1275 (49363) 1308 (49502)
1176 (49287) 1201 (49373) 1226 (49305) 1251 (49357) 1276 149364) 1301 (49328,
1177 (49231) 1202 (49211) 1227 (49306) 1252 (49372) 1277 (49365) 1302 (49329)
1178 (49232) 1203 (49233) 1228 (49307) 1253 (49215) 1278 (49417) 1303 (49436)
1179 (49204) 1204 (49234) 1229 (49308) 1254 (49420) 1279 (493931 1304 (49440)
1180 (491901 1205 (49379) 1230 (492791 1255 (49313) 1280 (49322) 1305 (49396)
1181 (49277) 1206 (49370) 1231 (49381} 1256 (49314) 1281 (49323} 1306 (49331
1182 (49164) 1207 (49371) 1232 (49382) 1257 (49315) 1282 (49282) 1307 (49332)
1183 (49278) 1208 (49374) 1233 (49212) 1258 (49316) 1283 (49423} 1308 (49481,
1184 (49205) 1209 (49284) 1234 (49235) 1259 149317) 1284 149424) 1309 (49482)

(a) Operator and Aircraft Number:

This modification will be incorporated pnor to delivery on all
applicable DC-9, Series MD-80; MD-88 aircraft, manufacturers
fuselage number 1310 and subsequent

(2) Spares Affected:

None:
B. Reason:

Eight operators have reported cracks in the ventral aft pressure bulkhead attach we
sections on eight aircraft. The affected aircraft had accumulated between 45,492 and
60,969 landings when the cracks were found. The predominant areas of cracks are at
the upper pylon attach angle between longerons 13 and 14 (6 cases) and lower pylon
attach angle between longerons 16 and 17 12 cases). Longerons 2, 7, 11.and 18 each
had one crack. The cracks exhibited similar behawvior, cracking circumferennallv
approximately 1.9 inches outboard of the inboard edge of the upstanding leg of the
bulkhead attach tee sections. Cracks were found up to 8.8 inchesin length. Analysis
of failed parts revealed that the cracks imibated at mulaple sites on the forward
surface of the upstanding leg of the tee as the result of fangue due pnmaniy to
bending loads Ifcracks are not detected and repatred. thev could progress to the point

March 25/90 Bulletin XX- XXX
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SAMPLE VISUAL INSPECTION PROCEDURE

that rapid decompression could occur. Inspection of high cycle aircraft and
accomplishment of repairs based on condition will alow continued flight operation.

C. Description:
This Service Bulletin accomphshes the following on the fuselage aft pressure bulkhead.

Inspection from Aft Side of Bulkhead

Performs visual inspections for cracked aft pressure bulkhead web-to-fuselage tee
secnons around entre periphery of the fuselage from aft side of bulkhead and
accomphshes the following:

Condition I (No Crack)

Repetitively visually inspects for cracks f r OM a&ft side ofbulkhead at intervals specified
in Compliance paragraph.

Condition 2 (Crack.

Replaces cracked tee section with new or improved part and repetitively visually and
for cracks from aft side of bulkhead at intervals specified in Compliance paragraph.

D. Comphance:

It is recommended that initial inspection/repair of aft pressure bulkhead tee be
accomplished as follows on aircraft having logged over 35,000 landings.

Accumulated Landings Initzal Inspection

35,000 to 49.399 Within 1500 landings from issue date of this
Service Bulletin.

50.000 to 59.999 Within 100 landings from issue date of this
Service Bulletin.

60.000 and over Within 300 landmgs from issue date of this
Service Bulleun.

When aft pressure bulkhead tee section 1s replaced with new Like part, the repetitive
wnspecuon for that section of tee may be discontinued untl the aircraft has
accumulated an additional 35.000 landings at which time the repetiive 1nspection for
that section of tee are reinstated along with the ongoing repetitive inspectizons of the
remaining onginal Sections of tee.

When aft pressure bulkhead tee section ts replaced with new Improved part per this
Service Bulletin. the repeunve wnspecuon for that secuon of tee may be disconunued
as this consututes closing acuon for that sectnon of tee. Perform the recommended
repenitive wspecnons on the remaimng onginal tee secnons.

Bulletin XX- XXX Mar ch 28/90
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SAMPLE VISUAL INSPECTION PROCEDURE

Replacement of all six aft pressure bulkhead tee secaons with new unproved parts per
this Alert Service Bulletin constitutes closing action for the inspection requirements
of this Alert Service Bulletin.

It is recommended that repetitive inspection/repair of aft pressure bulkhead tee be
accomplished as follows.

Inspectuon from Aft Side of Bulkhead

It is recommended that repetitive visual inspection of top and lower areas from
longeron 7 left side to longeron 7 right side, and lower fuselage longeron 17 to longeron

20 on fuselage left and right srdes, be accomplished at intervals not to exceed 1500
landings.

It is recommended that repetitive visual inspection for cracks of bottom areas from

longeron 20 left side to longeron 20 right side, be accomplished at intervals not to
exceed 3500 landings.

It is recommended that cracked tee secton be replaced prior to further pressurized
flight

E. Approval:

The resultant modification described wn paragraph 1.C has been shown to comply with
the applicable Federal Aviation Regulations and is approved by the Manager. Los
Angeles Aircraft Certification Office, FAA Northwest Mountain Region, on February

13, 1990 and is approved as an alternate means of compliance with paragraphs A and
B of Airworthiness Directive 89- 16- 12.

F. Man ower:

NOTE: Man-hours are estimated based on work to be performed by skilled personnel
on aircraftunit which has ben placed in a maintenance status. The man
hour/elapsed time estimates do not include:

L Preparation for the modification: Examples; defueling, purging,
placing work stands, opemng standard access doors, obtaining tools,
and jacking when not essential to the modification

2. Nonproductive elapsed time: Examples; sealant or adhesive cure time,
cleaning, paint drying nme. lunch and/or rest penods. and quality
assurance inspectioas.

hlarch 28/90 Bulletin XX- XXX
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3. Admunistratuve functuons: Examples: planning, engineenng liaison,
parts requisition, shift change coordination, and report wnung.
Operatons should take the above into consideration when scheduling this
modificaton.
Inspecnon from Aft Side of Bulkhead
Optically aided visual inspection from the aft side of the fuselage aft pressure
bulkhead may be accomplished in approxamately 22.0 man-hours or 11.0 elapsed hours
per an-craft.
Man-hours do not include tme for fabrication of flexible borescope guide tube.
G. Material - Cost and Availabiity:
1) Aircraft:
Parts and matenals required to accomplish this modificanon are listed 1n
paragraph 3.h and are to be procured as indicated. Parts bearing Douglas
Aircraft Company part numbers are propnetary parts and must be procured
under the spare parts article of the purchase agreement. unless methods of
manufacture are shown.
Cost and availability of parts are to be negotiated between the operator and
Douglas Au-craft Company. Reference this Service Bulletin number and direct
lnquines to:
Douglas Aircraft Company
P.O. Box 1771
Long Beach. Califormia 90801
Attn: Parts Sales - Commercial 73-44
(DC-9 Service Bulletin A53-232)
(2) Spares:
Sot applicable.
H. Tooling Price and Availabilitv:
[nspection from Aft Side of Bulkhead
th Special test equapment 1s required to accomphsh visual inspection outlined 1n
this Service Bulletin. Special test equipment 1s to he procured from operator’s
stock. or other sources.
Bulletin XX-XXX Mar ch 28/90
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(2)

F4

SAMPLE VISUAL INSPECTION PROCEDURE

Procurement and availability of Special Test Equipment should be negotiated
between the operator and the Douglas Aircraft Company. Specify this Service

Bulletin number and direct inquiries to:

Douglas Aircraft Company

910 East 236th Street

Carson, California 92805
Attn: Manager. Recovery & Modification
Services | RAMS)
(DC-9 Service Bulletin A53-232)

Weight and Balance:

Weight change at appropriate fuselage stations by incorporation of any part of this
Service Bulletin is contingent upon the modification of each particular aircraft.
Weight data is to be computed by the operator by weighing parts installed and parts
removed during modification. Necessary revisions should be made to the appropriate
weight and balance report

Reference:

t1)

12)

Federal Aviaton Administration Airworthiness Directove No. 89-16-12:
Amendment 39-6287, effecive September 7., 1989.

Data used in preparanon of this Alert Service Bulletin:

Data Identification Change
DMS 2082

JO60 157 A
JO60 157 B
MM Chapters 6, 20.

21, 25, 26. 36,

49. 52. and 53

NDT Chapter 1-3

SRM Chapters 51 and 53
SR09530001

SR0953000 1 D
SR09530048 New
SR09530056 C
SR09530056 D
SR09530083 New
5910130 DY
5930760 AM

I'ype of Data

Douglas Material Specification
Service Rework Shoring
Advance E.O.

Maintenance Manual

Nondestructive Testing Manual
Structural Repair Manual
Service Rework Drawing
Advance E.O.

Service Rework Drawing
Service Rework Drawing
Advance E.O.

Service Rework Drawing
Drawing

Drawing

Data supphed in support of this Alert Service Bulletin:

Data [dentfication Chanee
JO60157 A
J060157 B

Tvpe of Data

Serice Rework Shoring
Advance E.O.

Bulletin XX-XXX
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SR09530001 C Service Kework Shonng
SR09530001 D Advance E.O.
SR09530043 New Service Rework Drawing
SR09530056 C Service Rework Drawing
SR09530056 D Advance E.O.
SR09530083 New Service Rework Drawing
K. Publications Affected:
The modification outlined 1n this Service Bulletin affects the DAC DC-9 Weight and
Balance Charts.
2. Accomplishment Instructions:

WARNING. TO AVOID INJURY TO MAINTENANCE PERSONNEL OR DAMAGE TO
EQUIPMENT. MAKE CERTAIN ADEQUATE PRECAUTIONS ARE TAKEN
WHILE PERFORMING ANY WORK IF ELECTRICAL POWER IS APPLIED
TO THE AIRCRAFT.

CAUTION: ELECTRICALLY GROUND THE AIRCRAFT.

GENERAL NOTES:

L Refer to secnons of the Maintenance Manual (MM), Structural Repair Manual
(SRM).

b

Refer to the following manual chapters for applicable operations

Manual Chapter Operation
MM 20-30-0 Sealant Application
SRM 51-10-4 Drilling And Countersinking
SRM 51-30-I Installing Bolts, Screws, and Washers
SRM 51-30-2 Removing And Installing Rivets
SRM 5 1-30-3 Removing And Installing Lockbolts
SRM 51-30-5 Removing And Installing Pins
3. For approved fastener and process material substitutions. see DC-9 SRM

chapter 51-60-0, paragraph entitled “Interchangeability of Fasteners” and
“Interchangeability of Matenals.”

4 If the length of the fasteners specified 1n this Service Bulletin do not meet
acceptable installation standards. fasteners of the same type. or approved
substituuons, one wcrement longer or shorter in length may be used

ar
A combined total of two ¢ maxunum 1'16-inch thick washers or four

(maxamum ' 1'32-inch thick washers or any combination thereof not exceeding
1/8-inch tot.11 stackup ttuckness of the washer types called from 1n this Service

Bulletin XX-XXX March 28/90

?age 8




8/14/97 AC 43-204

Appendix E

SAMPLE VISUAL INSPECTION PROCEDURE

Bulletin may be used under fastener head or nut to counteract accumulation
of tolerances.

5. If substtutions are used other than those in Douglas approved publicaaons,
operator must obtain FAA approva from local authorized agency.

Inspection from Aft Side of Bulkhead

A. Operator's Option . Access doors may be installed 1n skin on bottom of fuselage
forward of auxiliary power unit (APU) door per service rework drawing SR09530048
to facilitate inspection.

B. Operator's Option - Fabricate guide tube (to be used with flexiscope! from flexible or
thin wall tubing to fit outside diameter of flexiscope as shown on Figure 1.

C. Gain access to inspection areas on aft side of bulkhead by opening or removing and
retaining the following access doors/panels as applicable to accomplish visual
inspection;

Access No. Access Area MM _Chapter

5806A Auxiliary Exit Door, 6-12-0
Non-Venwral Bulkhead

5901A Thrust Reverser Control 6-11-4
Valve (Left Side)

5902A Thrust Reverser Control 6-11-4
Valve (Right Side)

5903A APU Service (Left Side) 6-11-4

5904X APU Service (Right Side) 6-11-4

5910A Ventral Stair Ceiling 6-12-0

5911A Ventral Stair (Right Side) 6-12-0

5912A Ventral Stair ( Left Side) 6- 12.0

NOTE: The following paragraphs 2.D through 2.H may be accomplished at operator’s
option and are applicable to visua inspection requirements.

D. Remove and retain APU and attaching parts. (See MM chapter 49-10-O. paragraph
entitted "Removal/Installation Power Plant.")
E. Remove and retain APU compartment enclosure and attaching parts. (See MM
chapter 53-20-5, paragraph entitled "Removal/lostallanon APU Compartment
Enclosure.*)
March 28/90 Bulletin XX-XXX
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SAMPLE VISUAL INSPECTION PROCEDURE

F. Remove and retain lower firex bottle and attaching parts. (See MM chapter 26-20-.
paragraph entitled "Removal/Installation Fire Extinguishing Containers.”)

G. Remove and retain right pneumatic crossfeed valve pushrod and attaching parts. (See
MM chapter 36-10-3, paragraph entitled “Removal/Installation Pneumatic Crossfeed
Valve.)

H. Remove and retain two upper conditioned air duct assemblies, check valves, and

attaching parts aft of pressure bulkhead center ceiling. (See MM chapter 21-20-2,
paragraph entitled "Removal/Installation Conditioned and Cold Air Check Valve.*)

Roll back or remove and retain insulation blankets from aft side of aft pressure
bulkhead. (See MM chapter 25-22-O. paragraph entitled “Removal/lnstallation
Insulation Blankets.")

J. Perform optically aided visual inspection/repair of the aft pressure bulkhead web to
fuselage skin attach tee sections from the aft side of the bulkhead as follows:

(1) Inspect the upstanding leg of 5910130 ventral bulkhead tee sections from aft
side of bulkhead around the periphery of the bulkhead as shown on Figure 3
and accomplish the following:

Condition 1 (No Crack)

(2) Perform repetitive visual inspections from aft side of bulkhead at intervals
specified in Comphance paragraph.

Condition 2 (Crack)

(3 Replace cracked tee section with new like or unproved part per Figure 4 (See
Table | for configuration) prior to further pressurized flight. Perform repetiuve
visual from aft side of bulkhead at Intervals specified in Compliance
paragraph.

4) If any tee section is to be replaced. remove and retain engines 1 and 2. (See
MM chapter 71-00-0, paragraph entitled "Removal/Installation Power Plant.*)

(5) Shore aircraft as shown on Figure 5.

K Record and report all results, both negatuve and positive of inspection to DAC. Include
fuselage number, factor serial number, crack location. crack length, flight-hours, and
accumulated landings of aircraft Forward to:

Douglas Aircraft Company
P.O. Box 1771
Long Beach. Califorma 90801
Attn. Manager. Customer Service 73-30
( DC-9 Alert Service Bulletin A53-232)

Bulletin XX-XXX March 28/90
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SAMPLE VISUAL INSPECTION PROCEDURE

Apply PR-1422 B-2 sedlant around entire periphery of the bulkhead tee sections. as
applicable.

Reinstall retained insulanon blankets on aft side of aft pressure bulkhead. (See MM
chapter 25-22-0, paragraph entitled “Removal/Installation Insulation Blankets.”)

Reinstall nght pneumatic crossfeed valve pushrod and attaching parts as applicable.
(See MM chapter 36-10-3, paragraph entitled “Removal/Installation Pneumatic
Crossfeed Valve.")

Reinstall two upper conditioned air duct assemblies, check valves, and attaching parts
as applicable. (See MM chapter 21-20-2. paragraph entitled "Removal/Installation
Conditioned and Cold Air Check Valve."

Reinstall lower firex bottle and attaching parts as applicable. (See MM chapter 26-20-
1, paragraph entitled "Removal/Installation Fire Extinguishing Containers.”)

Reinstall APU compartment enclosure. as applicable. (See MM chapter 53-20-5.
paragraph entitled “Removal/Installation APU Compartment Enclosure.”

Reinstall APU and attaching parts as applicable. (See MM chapter 49-10-O. paragraph
entitted “Removal/lnstallation Power Plant.")

Reinstall engines 1 and 2 as applicable. (See MM chapter 71-00-O. paragraph enatled
"Removal/lnstallaton Power Plant.")

Remove shonpg as shown on Figure 5 as applicable.

Close/reinstall access doors/panels as outlined under Option | paragraph 2.C.

Bulletin XX-XXX
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GENERAL NOTES:

L PERFORM INSPECTION PROCEDURE A, SEQUENCES 1 THROUGH 3 BEFORE
CLEANING THE TEE AND AFTER CLEANING THE TEE AS NOTED.

o

PROCEDURE A - DESCRIBES A.. OPTICALLY AIDED VISUAL INSPECTION OF DC-9 AFT
PRESSURE BULKHEAD WEB TO FUSELAGE SKN A'TTACH TEE SECTIONS TO DETECT
FATIGUE CRACKS IN THE U-PSTANDNG LEG OF TEE SECTIONS.

3. INSPECTION OF THE BULKHEAD TEE FOR CRACKS BY PROCEDURE A IS MADE
FROM THE AFT SIDE OF THE AFT PRESSURE BULKHEAD.

4. INSPECTION BY PROCEDURE A IS DIVIDED INTO THREE SEQUENCES BASED ON
ACCESS LOCATION.

5. SIGNS OF NICOTINE STAINS MAY INDICATE CRACKS.
6. THE FOLLOWING EQUIPMENT OR EQUIVALENT IS REQUIRED:
SEE PARAGRAPH 3.C FOR TEST EQUIPMENT SUPPLIERS

VISUAL EQUIPMENT

a. FLASHLIGHT.
b. INSPECTION MIRROR WITH ADJUSTABLE VIEWING ANGLE.

ENDOSCOPE EQUIPMENT:

c. ONE 70 OR 90 DEGREE ENDOSCOPE OF ANY DIAMETER WITH 18.INCH
(457.2 MM)) MINIMUM LENGTH AND LIGHT SOURCE SUCH AS:
1 ENDOSCOPE MODEL 10320D, 70 DEGREE « FOREOBLIQUE )
ANGLE, 13- INCH (482.6 MM) LONG, 0.217-INCH DIAMETER.
(2) FIBER OPTIC LIGHT BUNDLE MODEL 495NL.
(3) ENDOSCOPE LIGHT SOURCE NUMBER 00482 ( 110 OR 220 VOLT)

OR NUMBER E0590 ( 110 VOLT ONLY ).

t4) SYLVANLA PROJECTOR LAMP (150 WATT. 120 VOLT).

AFT PRESSURE BULKHEAD TEE INSPECTION

FIGURE 3 (SHEET 1 OF 14

March 28/90 Bulletin XX-XXX
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FLEXIBLE BORESCOPE:

d.

ONE FORWARD VIEWING ENDOSCOPE OF ANY DIAMETER WITH 30
INCH MINIMUM LENGTH SUCH AS:

(1) OLYMPUS MODEL 1F8D3, 29.8-INCH (757 MM) LONG, 0.315-INCH
DIAMETER.
(2) COLD LIGHT SUPPLY NUMBER 1LK-4 (100 TO 230 VOLT).

INSPECTION PROCEDURE

A VISUAL INSPECTION PROCEDURE A:

B8]

(2)

(1

Bulletin XX-XXX

SEQUENCE 1:

PERFORM MIRROR/FLASHLIGHT OR ENDOSCOPE INSPECTION OF
UPPER FUSELAGE TEE SECTIONS FROM LOSGEROS L7 LEFT SIDE TO
LONGERON L7 RIGHT SIDE. LOWER FUSELAGE LONGERON L17 LEFT
SIDE TO LONGERON L20 LEFT SIDE. AND LONGERON L17 RIGHT TO
LONGERON L19 RIGHT SIDE.

PERFORM ENDOSCOPE OR FLEXIBLE BORESCOPE INSPECTION OF
LOWER FUSELAGE TEE SECTIONS FROM LONGERON L19 RIGHT SIDE
TO LONGERON L20 RIGHT SIDE.

SEQLENCE 2:

PERFORM MIRROR/FLASHLIGHT OR ENDOSCOPE INSPECTION OF
LOWER FUSELAGE TEE SECTION THROUGH THRUST REVERSER
LOCKOUTACCESSOPENING 5902A FROM LONGERON L20 RIGHT SIDE
TO LONGERON L24 RIGHT SIDE.

NOTE: SEQUENCE 2 AND 3 MAY BE ACCOMPLISHED USING
INSPECTION MIRROR AND FLASHLIGHT IF SUFFICIENT
ACCESS IS AVAILABLE.

AFT PRESSURE BULKHEAD TEE - INSPECTION

FIGURE 3 (SHEET 2 OF 14>

March 28/90
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SAMPLE VISUAL INSPECTION PROCEDURE
SEQUENCE 3:

(n PERFORM VISUAL INSPECTION OF LOWER FUSELAGE TEE SECTIONS
WITH FLASHLIGHT FROM LONGERON L23 LEFT SIDE TO LOSGERON
L24 RIGHT SIDE.

REMOVE SEALANT FROM INSPECTION AREA OF TEE SECTIONS THAT MAY
HINDER INSPECTION. CLEAN DIRT, GREASE. AND ALL FOREIGN MATERIALS
FROM LNSPECTION AREA OF TEE SECTIONS USING LINT-FREE WIPER AND
1.1.1 TRICHLOROETHANE SOLVENT OR EQUIVALENT. PERFORM INSPECTION
SEQUENCES 1 THROUGH 3 AFTER CLEANING THE TEE SECTIONS.

FUSELAGE LONGERON NUMBERING YIEW LOOKING
FORWARD AT AFT PRESSURE BULKHEAD TEE

“EKOOSCOPE OR
FLEXISCOPE

FUSTLAGE
Cus? LInE

FUSELACL
CUsSP LINE

2
g9 2y U
INSPECTION SEQUENCT )

AFT PRESSURE BULKHEAD TEE - INSPECTION

FIGURE 3(SHEET 3 OF 141

Bulletin XX- XXX

Page 15




AC 43-204 8/14/97
Appendi x E

SAMPLE VISUAL INSPECTION PROCEDURE

$910130-51
OR

$910130-1389
TEE

Lz Ul

0-53
59103: _~163.5,

L1
5910130-391 " 5910130-54
TEE LI - OR
~ L1z 5910130-392
L12 > — 7248 TEE
(13
113 —
— 7=34
LL UPPER —Lul 3
PYLON
l L15— —1=24
LL UPPER —L16
' —1=14
PYLON Mo
L17— ,
A S erpE—— ST - ) FRP
g~ N p“ r ) S < . : 4> . \\ng 5
L19 ‘3 ~L20
120 \\\\ V/’\\.-v 5910130 56
yd
sgxoégo 2! ,/ ez 5910130 394
5910130-393 LZZ . \123 TEE
TEE ‘ 24
; =) \ \  L25 S
L26
L27 / | Ve
L28 L29 L3I0 (29 |28 /
5910130-47
OR — FRP = FUSELAGE REFERENCE PLANE
$910130-387 LL = LOFT LINE
TEE S = PRODUCTION SPLICE
2 = STATION
Y1EW LOOKING FORWARD
DC-9 VENTRAL AFT PRESSURE BULKHEAD SCHEMATIC DIAGRAM SHOVING TEE LOCATIONS
AFT PRESSUREBULKHEAD TEE - | NSPECTI ON
FIGURE 3 (SHEET 4 OF 14
Bulletin XX- XXX March 28/90
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ANGLE
5910130
BULKHEAD
TEE I
FWD
YISUAL
INSPECTION INBD '
AREA
CRACK
wEB
70° OR 90° ENDOSCOPE
DETAIL A - ENDOSCOPE VISUAL INSPECTION
ANGLE
VISUAL
INSPECTION

5910130
BULKM
TEE

INSPECTION MIRROR

WEB

FLASHLIGHT

DETAIL B - MIRROR FLASHLIGHT YISUAL INSPECTION
SEQUENCE 1 VISUAL AND ENOSCOPE INSPECTION OF BULKHEAD TEE

AFT PRESSURE BULKHEAD TEE INSPECTION

FIGURE 3 (SHEET 5 OF 14

March 25/90
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LOOKING FORYARO

TEE

SPLICE
PLATE

TEE

WEB — ves

ANGLE ‘—/

SECTION A-A

SECTION B-B \qJ

DC-9 VENTRAL AFT PRESSURE
BULKHEAD. TEE CAP CRACKS

AFT PRESSURE BULKHEAD TEE - INSPECTION

FIGURE 3 (SHEET 6 OF 14)

Bulletin XX-XXX
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SAMPLE VISUAL INSPECTION PROCEDURE

C. The basis for the following tooling data is per operator

NOTE: CAGE indicates Commercial and Government Eanty code for
Manufacrurers/Distnbutors.

(1 Option :
wndicated.

Test Equipment

Endoscope 70 Degree
(Fore oblique) Angle
19-Inch (482.6 MM) Long
0.217-1nch
Diameter

or
Equivalent

Type gy CAGE
Model 1 5434 1
103'20D

. Test equipment to be procured from operator’s stock or sources

Supplier

Expanded Opucs.

Incorporated

301-c West Dyer Road

Santa Ana, Califorma
92702-3427

NOTE: One 70 or 90 degree endoscope of any diameter with 18-inch (457.2 MM’ mimimum
length and matching light source may be used.

Fiber Optic
Light Bundle

and
Endoscope Light Source
110 or 220 Volt

and
Sylvania Projector Lamp
150 Watt, 120 Volt

Model 1 54341
1F8D3
No. 00482 5434 1
or
No. E0590
1 54341

Expanded Opucs,

Incorporated

301-C West Dyer Road

Santa Ana, Califorma
92702 -3427

Expanded Optcs,

Incorporated

301-C West Dyer Road

Santa Ana, California
92702-3427

Expanded Opncs.

Incorporated

301-C West Dyer Road

Santa Ana, California
92702-3427

NOTE Simular or equivalent endoscopes and lluminators may be obtained from the following

sources.

hl arch28/90
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Test Equipment Tvpe Qty CAGE Supplier

Alva [ngenieros
Velazquez 121
Madrid 6, Spai n
or
Automation Instruments
Service
47 Birch Street
Bankston 2200, Australia
or
3 G Electronics
Sede Commercial 20135
Milano Via Perugino 9, Italy
or
50958 Richard Wolf
Medical Instrument
corporation
7046 Lyndon Avenue
Rosemont, [llinois
600183410
or
Inspection Instruments NDT
Limited
32 Duncan Terrace
London N 188R, England
or
Karl Storz KG
D 7200 Tuttlingen
West Germany

Flexible Borescope Model 1 32212 Olympus Corporation
29.8.Inch (757 MM) Long 1F8D3 Scientific Products Group
0.315.Inch 4 Nevada Drive
Diameter Lake Success, New York
11040-1114

Cold Light Supply No. 1LK-4 ! 32212 Olympus Corporation
loo to 230 Volt Scientific Products Group
4 Nevada Drive
Lake Success. New York

11040-1114
or

Equivalent

Bulletin XX-XXX Mar ch 28/90
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APPENDI X F. BCEI NG 747 SERVI CE BULLETIN
SAMPLE | NSPECTI ON PROCEDURE

Excerpts of Boeing Service Bulletin 747-53-2307, Dec 21/89.

Retyped with perm ssion of Boeing Commercial Airplane G oup.
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LAY GT DN Z2Z 7
SERVICE BULLETIN

SUMMARY

BOEING COMME RCIAL AIRPLANES POST OFFICE BOX 3707 SEATTLE. WASHINGTON 98124.2207

BACKGROUND

This inspection will detect corrosion and fatigue cracks in upper body skin longitudinal iap joints
caused by.disbonding of the cold bond at the joint Continued operation of an airplane that has
corrosion or fatigue cracking in lap joints could lead to separation of the skin at the lap joint
causing rapid decompression of the airplane.

Several operators have reported corrosion. and associated buiging of skin at upper body lap joints
on airplanes with 26,733 to 70.000 flight-hours. One operator reported cracking and corrosion of
the lap jownt at Stringer 12 from Station 1515 to 1735 and Stringer 4L. at Station 1710 on an
au-plane with 35,134 flight-hours. One other operator reported corrosion and cracking at the lap
joint at Stringer 4R. Station 1500 on an airplane with 49,024 flight-hours. Another operator
reported a one-inch crack at Stringer O, Station 738 suspected to have been caused by corrosion
from disbonding at the cold-bonded lap joint. There have been numerous additional instances of
corrosion reported at the Stnnger 23 lap joint

This bulletun supersedes that portion of Service Bulletin 747-53-2157 which addresses the upper
body skin longitudinal lap joints.

Aurplanes previously inspected per Service Bulletn 747-53-2157 require additional inspection of
lap joint areas as described herein.

Any lap joint areas repaired per Service bulletn 747-53-2157 do not require further repair or
Lnspecton.

This bulletin does not supersede Service Bulletin 747-53-2253 or Service Bulletin 747-53A2303
which address the upper hody skan longirudinal lap jownts at Stringer 6 1 Secton 41,

This service bulletin s the subject of Federal Aviaton Adminmistration (FAA) Notice of Proposed
Rulemaking 88-NM- 194-AD dated February 9. 1989.

ACTION

Within 1.000 flight-cyvcles after receipt of this bulleun. conduct a detailed external visual
wmspecuon of the upper body longitudinal lap joints at Stningers 23 and above from Station 140 to
2360 iexcept Stnnger 7 from Stauon 340 to 5201 Visually inspect all lap jownts for evidence of
corrosion or crackiry. Evidence of corrosion includes mussing or distressed fasteners. white powder
protruding from the lap joint. or bulging or pillowing of the lap jownt between fasteners. Repair
any corrosion beyond allowable lumits or cracking. as specified herein. pnor to further flight
Repeat these visual inspecuions at wntervals not to exceed 1.000 flight-cycles for the lap joints 1o
Secuons 41. 42, and 46 Repeat the visual 1nspecuons at 2.000 flight-cycle intervals for the lap
Joints 1o Section 44

Dec 21/89 747-53-2307
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SECTION
STA
2360
LAP JOINT

46
‘ s-12 (TYPICAL)
STA

5-4 1480

*1.'...-;kxg~ S

\ . N S-6
\ ‘ o

STA
44 1000 |
STA
RIGHT SIDE SHOWN 4 2 ___s20 |
LEFT SIDEOPPOSITE a1 STA
140
SECTIONS wm

INSPECT LAP JOINTS FOR CORRORSION, CRACKS OR PILLOWING
OF SKIN, AND MISSING OR DISTRESSEDFASTENERS

Dec21/89 747-53-2307
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In lieu of continued rewnspections. tertmunating action may he accomphshed. Terminating action 1s
accomphshed when an uncorroded lap jownt area 1s separated betwwn adjacent circurnferential
splices. adhesive removed, faying surface sealant 1s applied, and Joint s refastened per 747
Structural Repair Manual Subject 43-30-03. Terminatdng action in a corroded or cracked lap joint
area may be accomplished when the area 1s repawred per 747 Structural Repair Manual Subject 53-
30-03.

EFFECTIVITY
747 Au-planes Line position 001 through 200
MANPOWER
Visual Inspection:
Total Manhours . 152 per Airplane
Elapsed Time - 38 Hours

MATERIAL INFORMATION

None.

Dec 21/89 747-53-2307
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SN ) T I

BOEING COMMERCIAL AIRPLANES POST CFFICE BOX 3707 SEATTLE. WASHINGTON 98124- 2207

SERVICE BULLETIN
257

ATA SYSTEM: 5310 NUMBER: 747-53-2307 DATE: December 21, 1989
5331

SUBJECT: FUSELAGE - SKIN - UPPER BODY SKIN LONGITUDINAL LAP JOINT
(STRINGERS 23 AND ABOVE) INSPECTION AND REPAIR

1 PLANNING INFORMATION
A. Effectivity
L Airplanes Affected

See Service Bulletin Index Part 3 for cross reference of Variable Number to
Airplane Serial Number.

This change 1s applicable only to airplanes listed below

CODE VARIABLE NUMBER
ACN RA743
AFA RA251-RA259
AIN RA722-RA724
ARL RA203 RAS501-RA502
BAB RA217 RA301-RA308 RA310 RA312
RA702
CAL RA51-RA552
CLX RA023 RAQ25
Dec 21/89 747-53-2307
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CODE VARIABLE NUMBER (CONTINUED)

EL4 RA781-RA782 RB043

EVR RA003-RA004 RAO22 RA113

FTL RA026 RAO29 RA033 RA632
RA634-RA635 RA741 RAS16 RB041

[BE RAS585

IRN RA101-RA103 RA112 RA161-RA163

JAL RA521-RA527 RAS532-RA534 RAS537-RA540

KAL RA216 RA245 RA201

KILM RA671-RAB75 RA6TT

MNR RA701

NAS RA908

NWA RA351-RA360 RA369-RA373 RA601-RA602

OR1 RAO020

PAA RAo002 RAO05-RA007 RAO009 RAO12-RA019
RA027-RA028 RAO030-RA032 RA034
RA631 RA633 RA910 RA914

PEX R4559 RA561 RBO03-RB005

QAN RAS09 RB001-RB002

SAA RB0O71-RB0O75

SAB RB101-RB102

TWO RA024 RA201 R4761 RB042

TWA RA104-RA110 RA114-RA115 RA164 RA309
RA311 RAS581-RA582 RA651-RA652 RDO01-RD002

UAL RA406-RA414 RA903-RAS07

UPS RAS0 1 RAS02 RA911-RA913 RA91S

VAA RA560

WDA RA742 RA762 RB044

Dec 21/89

747-53-2307
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CODE VARIABLE NUMBER (CONTINUED)
LISTING BY VARIABLE NUMBER

RA002-RA034 RA101-RA115 RA161-RA164 RA201-RA203 RA216-RA217
RA245-RA246 RA251-RA259 RA301-RA312 RA351-RA360 RA369-RA373
RA401-RA414 RA501-RA502 RAS521-RA527 RAS532-RA540 RA5351-RA552
RA559-RA561 RA581-RA582 RAS585 RA601-RA602 RA631-RA635
RA651-RA652 RA671-RA677 RAT01-RAT02 RAT721-RA724 RAT741-RA743
RA7T61-RA762 RAT781-RA782 RA901-RA916 RBOO1-RB005 RB041-RB044
RB0O71-RB075 RB101-RB102 RDO01-RD002 RR201

2, Spares Affected
None
B. Reason

This inspection will detect corrosion or cracking in upper body skin longitudinal lap
joints caused by disbonding of the cold bond at the lap jownt. Continued operation
of an airplane that has corrosion or cracking in lap joints could lead to separation
of the skin at the lap joint causing rapid decompressron of the airplane.

Several operators have reported corrosion and associated bulging of skin at upper
body lap joints on airplanes with 26,733 to 70,000 flight-hours.

One operator reported corrosidn of one to three lap joint rivets and bulging of the
skin at Stringer 12 near Station 1694 on an airplane with 34,827 flight-hours. This
operator also reported cracked and corroded fuselage skin with separation at the
lap joint at Stringer 12 L. and R at six locations each side from Station 1515 to 1735
and Stringer 4L at Station 1710 on the same airplane with 35.134 flight-hours.

Another operator reported a one-mch skin crack emanating from the iap joint at
Stringer 0 near Station 738 on an airplane with 49.800 flight-hours which was
suspected to have been caused by corrosion from disbonding at the cold-bonded lap
joint (Ref. SIIA 747-71). This operator also reported two airplanes with skin
corrosion of lap joint at Stringer 4L. On one airplane. with 35,985 flight-hours, this
corrosion was found at four locations between Stations 1482 and 1676. On the
other airplane, corrosion was found near Stations 1510 and 1615 on an airplane
with 36,461 flight-hours.

Also an operator has reported skin corrosion 1a the lap joint at Stringer 23R near
Station 1400 on an airplane with 26,733 flight-hours and skin corrosion with
bulging skin involving the lap joint at Stringer 23L between Station 1720 and 1820
on another airplane.

There have been numerous additional instances of corrosion reported at the
Stringer 23 lap joint.

Dec 21/89 747-53-2307
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B. (Continued)

This bulletin supersedes that portion of Service Bulletin 747-53-2157 which
addresses the upper body skin longitudina lap joints.

Airplanes previously inspected per Service Bulletin 747-53-2157 require additional
inspection of lap joint areas as described herein.

Any lap joint areas repaired per Service Bulletin 747-53-2157 do not require further
repair or inspection.

This bulletin does not supersede Service Bulletin 747-53-2253 or Service Bulletin
747-53A2303 Which address the upper body skin longitudinal lap joints at Stringer
6 in Section 41.

This service bulletin is the subject of Federal Aviation Administration (FAA) Notice
of Proposed Rulemaking 88-NM-1954-AD dated February 9, 1989.

C. Description

Within 1,000 flight-cycles after receipt of this bulletin conduct a detailed external
visual inspection of the upper body longitudinal lap joints at Stringers 23 and
above from Station 340 to 520). Visualy inspect al lap joints for evidence of
corrosion Or crackmg. Evidence of corrosion includes missing or disnessed
fasteners, white powder protruding from the lap joint, or bulging or pillowing of the
lap joint between fasteners. Repair any corrosion beyond allowable limits or
cracking, as specified herein. prior to further flight. Repeat these visual inspections
at intervals not to exceed 1.000 flight-cycles for the lap joints in Sections 41
(Station 140-520), 42 (Station 520-1000), and 46 (Station 1480-2360). Repeat the
visual inspections at 2,000 flightcycle intervals for the lap joints 1n Section 44

t Staton 1000- 1480).

In lieu of continued reinspections, terminating action may be accomplished.
Terminaung action 1s accomplished when an uncorroded lap joint area 1s separated
between adjacent circumferential splices, adhesive removed, faying surface sealant
is applied, and joint is refastened per 747 Structural Repair Manual Subject 53-30-
03. Terminating action in a corroded or cracked lap joint area may be accomplished
when the area s repaired per 747 Structural Repair Manual Subject 53-30-03.

It 1s recommended that this service bulletin be accomplished concurrently with
service bulletins 747-53A2265 and 747-53A2279 due to common access.

This service bulletin is the subject of Federal Aviation Admimstration (FAA) Notice
of Proposed Rule Making, FAA Docket Number 88-NM-194-AD, issued February 9,
1989.

D. Approval
This sernce bulletin has been reviewed by the Federal Aviation Admimstraton

( FAA) and the repairs and modificanons herein comply with the applicable Federal
Aviaton Regulations « FAR's) and are FAA approved.

Dec 21/89 747-53-2307
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D. (Continued)

The deferral of repair described in Accomplishment Instructions, has FAA approval
contingent on accomplishment of the inspections at the intervals specified wn the
Accomplishment Instructions.

E M anpower

The following breakdown of manpower requirements is suggested as a guide to
assist operators in planning and accomplishing this modification This estimate 1s
for direct labor performed by an experienced crew. It does not include setup,
planning, familiarization. cure time, part fabrication, tool acquisition, or lost time.
Factor this estimate as necessary based on your own experience.

Elapsed
Time
Operation Crew size Man-Hours {Hours)
Visual Inspection 4 152 38
of Lap Joints
TOTAL PER AIRPLANE (a) 152 38
(a Crew size, man-hour and elapsed time shown does not include time for lap

joint repair or access to accomplish such repair since it is dependent on the
extent of repairs required. It is assumed that operators will not perform
terminating action on all lap joint areas at one time. Therefore, crew size,
man-hours and elapsed time should be based on operator’s experience and
on the length and location of the lap joint for which terminating action is
accomplished. Accomplishment of terminating action is estimated to be 96
man-hours for each 200-inch length of uncracked and uncorroded lap joint

F. Material - Price and Availability
None

G Tooling - Price and Availability

None
H. Weight and Balance
No change
Dec 2 1189 747-53-2307
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L References
L. Existng Data:
a, 747 Maintenance Manual Subjects
25-11-01, 25-11-02, 25-11-03, 25-11-05, 25-14-01, 25-19-00, 25-21-01,
25-21-02, 25-21-04, 25-21-12. 25-22-01, 25-22-03, 25-22-06, 25-23-01,
25-23-04, 25-23-05, 25-24-00, 25-24-05, 25-24-11, 25-24-12, 25-24-19,
25-25-01, 25-25-03, 25-25-04, 25-26-02, 25-26-03, 25-26-06, 25-27-00,
25-28-01, 25-28-15, 25-28-23. 25-31-04, 25-40-01, 25-40-03, 25-59-01.
25-68-02, 31-00-00, 34-11-00, 35-00-00, 35-21-00, 52-11-01, 52-13-01,
52-51-01, 53-21-01, 53-21-02.
b. 747 Structural Repair Manual Subjects 51-10-01, 53-30-03
c. 747 Non-Destructive Test Manual D6-7 170
d. 747 Structural Item Interim Advisory 747.71
e. Boeing Service Bulletins 747-53-2157, “Body Longitudinal Skin Lap
Joints. Tear Strap/Skin Lap Splices, Window Forgings, Skin Panel
Doublers, And Selected Skin Panel Corrosion Inspection”; 747-53-
2253, “Fuselage - Nose Section - Station 340 to 400 Stringer 6 Skin
Inspection and Modification”; 747-53A2265, “Fuselage - Nose Section
41 . Body Frame Structure Inspections and Crack Repairs”; 747-
53A2279, “Fuselage - Skin - Upper Body Skin Bonded Tear Strap
Inspection and Modification"; 747-53A2303, “Fuselage - Nose Section
-Station 400 to 520 Stringer 6 Skin Splice Inspection Repair and
Modification”
f. FAA Notice of Proposed Rule Making, FAA Docket Number 88-NM-
194-AD, issued February 9, 1989
2. Data supplied in support of this service bulletin:
None
dJ. Publications Affected
Publication Chapter-Section
747 Corrosion Prevention Manual . .......... 53-30-47
Dec 21/89 747-53- 2307
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I, MATERI AL INFORMATION

A Parts Required Per Airplane
None
B. Parts Required to Modify Spares
None

C. Special Tools and Equipment Required

No special tools or equipment are required to accomplish this bulletin
Maintenance and overhaul tools may be required per any manuas that are listed in
Paragraph 1.1., References. of this bulletin. Operators should review their tool
inventory to ensure tool availability.

D. Existing Parts Accountability

None

Dec 21/89 747-53-2307
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I11. ACCOMPLISHMENT INSTRUCTIONS

NOTES: 1. The following paragraphs outline the general accomplishment
instructions. The suggested sequence of operations and detailed

accomplishment instructions are indicated by circle notes on the
figures.

[~

Observe all warning and caution notes in the referenced manual
sections.

3. Figure 1 contains the Logic Diagram presentations of the following
general accomplishment instructions.

A. For all lap joints affected by this bulletin as identified by Figure 2, perform
inspection of the lap splices using the method outlined in the logic diagrams of
Figure 1.
Method |

Within 1.80@ flight-cycles after receipt of this bulletin, perform a detailed external
visual inspection of the affected lap splices per Figure 2 circle notes 1 and 3.

Repair any corrosion beyond limits or cracking as specified in Figure 2 circle note 3.
Repeat the detailed external visual inspection at intervals not to exceed 1,000
Right-cycles for the affected lap splices 1n Section 41, 42, and 46. Repeat the

detailed external visual inspection at intervals not to exceed 2.000 flight-cycles in
Secaon 44.

B. In lieu of conunued reinspections, terrminating action may be accomplished.
Termunating action ts accomplished when an uncorroded lap joint area is separated
between adjacent cucumferential splices, adhesive removed, faying surface sealant
is applied, and jomt 1s refastened per 747 Structural Repair Manual Subject 53-30-
@3 Figure 9 or 10. Terminating action in a corroded or cracked lap joint area may
be accomphshed when the area is repaired per 747 Structural Repair Manual

Subject 53-30-03. Internal lap joint access to accomplish terminating action can be
made per Figures 3 through 5.

SOTES. 1. When accomplishing terminating action either with au-plane
in a specific jacked position or without jacking the airplane,
contact Boeing for allowable length of lap joint which may be
reworked ( specify details of an-plane configuration including
weight and CC. jacking configuration, and any other work
being performed concurrently on the au-plane).

2. When accomplishing terminating action on a specific lap
joint length, contact Boeing for )acking requirements (specify
lap joint being reworked. details of an-plane configurauon
including weight and CG. and any other work being
performed concurrently on the airplane).

Dec 21/89 747-53-2307
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3. When refastening lap joint per Structural Repair Manual
Subject 53-30-03 Figure 9 or 10, perform open hole HFEC
wspection per 747 Non-Destmctive Test Manual D6-7170,
Part 6. 53-30-00, Figure 1, 3 or 4 to ensure the lap joint s
crack free pnor to resizing hole for installanon oversize
protruding head fasteners.
C. Restore airplane to normal configuration
Dec 21/89 747-53-2307
I —
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[llustranon Table of Contents

Title Page
Figure 1. External Lap Joint Inspection Logic Diagram 12
Figure 2. External Lap Joint Corrosion Inspection and Repar 14
Figure 3. Hight Deck Lap Joint Internal Access . . 2
Figure 4. Upper Deck Lap Joint Internal Access . 30
Figure 5. Main Deck Lap Joint Internal Access . . . . . . . . 3
Dec 21/89 747-53-2307
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LETIN 747-53-2307
I

After Recaipt of this Bullet
Perform the Following

Within 1,630 Flight-Cycles

in

D,

(Ref Fig. 2) D

Conduct a Detailed External Visual
Inspection to Determine # Corrosion
or Cracking Exists at Cold-Bonded
Longitudinal Body Skin Lap Joints at S-23
and Above From Station 140 to 2360

1
Areas of Cracks
or Corrosion

1

No Cracks
or Corrosion

Conduct Terminating
Action on Affected

Lap Joints b

-

Corrosion but
No Cracks

Cracks

Conduct Terminating Action on
Corroded Lap Joint Between
Circumlerential Splices Within

Conduct Terminating Action
on Remainger of Lap Joint
Within 15 Months D |

30 Months D

Repeat Inspection of All Nonterminated Lap Joints l’
In Sactions 41, 42, 44 and 46 at 1,000 Flight Cycle Intervals ‘_ _________

Dec 2 1/89

FI GL- RE 1{EXTERNAL LAP JOINT INSPECTION LOE C DIAGRAM
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OISHING OF FASTENER HZAD

N ExXCESSIVE
{ \ COUNTERSUNK DEPTH
\ / 4 /
T 1
CRACKS AT

FASTENER SHANK

2 . Measuring of pillowing is accomplished by using a suitable
straight edge and thickness gage. Minimum length of straight
edge should be 4.50 inches. Set below:

STRAIGHT EDGE

MIN OUTER SKIN

AT JOINT

RS S
INBD ‘ \
INNER SKIN AT JOINT
U SKIN PILLOWING

DIMENSION

(PILLOWING SHOWN EXAGGERATED FOR CLARITY)

FIGURE 1.EXTERNAL LAP JOINT INSPECTION (CONTINUED)

Dec 21/89 747-53-2307
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ENTRY DOOR
NO. |

====== |ndicates area of visual inspections. @

SECTION 41
LEFT SIDE

FIGURE 2. EXTERNAL LAP JOINT CORROSION INSPECTION

Dec 21/89 747-53-2307
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OUTER SKIN

T~

o= e o

e

3
Al
| S— - |

UP
\INNER SKIN D|NBDD

TYPICAL LAP JOINT

SECTION A-A

FIGURE 2 EXTERNAL LAP JOINT CORROSION INSPECTION (CONTINUED:

Dec 21/89 747-53-2307
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ENTRY DOOR
NO. 1

Dec 21/89

CREw OOOR

BOEING SERVICE BULLETIN 747-53-2307

STA
520
-0 STA
\\I 400
= - s TA

O®

SECTION 41
RIGHT SIDE

FIGURE 2. EXTERNAL LAP JOIST CORROSION ISSPECTION (CONTINUED)
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WING BODY FAIRINGS
ENTRY DOOR NO. 2 /
CARGCﬁl I
DOOR l
|
{ —_— 5-23
i JIOTT
S-19
-~
— S-12
S-6
_J— s-0
STA RIGHT SIDE STA
=20 SECTION 42 sTa 1000
941
s 00
— 5-6
[
—_—S-12
~ -
S-19
JRISIRIRIRINIRERIRIIEEEI JBENEBIRINNENI
- 5-23
wING B8ODY
FAIRINGS
STA STA STA
520 741 1000
ENTRY DODR NO. 2
LEFT SIDE
SECTION 42

FIGURE 2. EXTERNAL LAP JOINT CORROSI ON | NSPECTI ON(CONTINUED:

Dec 21/89 747-53-2307
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ENTRY DOORNO. 3
S
) —s-23
MITIIT I (] fiIlf g T
— 5-19
—5-12
—s-4 [>
- - - “ BL 0.00
T 100
— s[>
A<_I
—s-12
A ~
= —5-19
IO 1T T 0O CIroIa e
\
STA STA
1000 1241
STA
ENTRY DOOR 1480
NO. 3

<JFWD

> APPLICABLE TO RAOO1,RAD0S5-RAD14,
RA102, RA103 AND RA201 ONLY.

INDICATES AREA OF VISUAL INSPECTION ONLY@

SECTION 44

FIGURE 2. EXTERNAL LAP JOINT CORROSION INSPECTION (CONTINUED)

Jec 21/89 T47-53-2307
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wlNG/BODY
FAIRINGS
/ ENTRY OOOR NO. 4
T ] SSIRINIBIAIBIRINIBERIANG
Bl6)

ENTRYDOOR
NO. 4
\ STA

WING/80DY 1961.1
FAIRINGS

STA
1480

SECTION 46

FIG RE 2. EXTERNAL LAP JOINT CORROSION INSPECTION (CONTINUED:

Dec 21/89 747-53-2307
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ENTRY DOOR NO. §

CARGO
DOOR

(RISBESRERE0IENNIRERIDENIAS|

ENTRY DOOR
NO. S U

STA
2360

SECTION 46

STA
1961.1

FIGL-RE 2. EXTERNAL LAP JOIST CORROSION INSPECTION (CONTINUED)

Dec 21/89 747-53- 2307
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@ Perform the folloving applicable asction(s):
a. For lap joint areas vlth cracking or corrosion compl~tely through the

skin, repair per 747 Structural Repair Manual Subject 53-30.03 prior
to fu. cher pressurized flight

b. For missing or distressed fasteners, replace fastener per 747
Structural Repair Manual Subject 33-30-03, Figure 9 or 10, prior to
next pressurized flight.

C. For lap joint areas vith skin bulging or pillowing in excess of
0.010 inch, repair per 747 Structural Repair Manual Subject 53-30-03
unless the following three conditions have been met:

1. Inspection per 767 Non-Destructive Test Manual D6-7170, Part 6,
subject 51-00-00, Figure S indicates that material loss does not
exceed 10 percent.

2. No evidence of skin cracks or corrosion completely through the
skin is found.

3. For Section 46, tear straps have been revorked by temporary
repair or terminating action per Service Bulletin 747-53A2279 in
adjacent area.

NOTE: Adj acent area refers to the area bounded by the 3 stringer
bays above and below the applicable lap joint and the
closest tear strap forward and aft of the corroded area.
Where corrosion is vithin § inches of a frame, the next
distant tear strap from and not the tear strap closest to
that frame determines that boundary.

d. For lap joint areas vhere measured material loss does not exceed
10 percent. reinspect per this service bulletin at 500 flight-cycles
AS specified in the procedure (Method I or II) being used.
Terminating action must be performed on corroded lap joint (from
forward circumferential splice to aft c¢ircumferential splice) vithin
30 months of being found.

e. For lap jeint areas vhere material loss is greater than 10 percent,
repair per 747 Structural Repair Manual Subject 53-30-03 prior to next
pressurized flight.

f. For any lap splice whieh is required to be repaired per 747 Structural
Repair Manual Subject $3-30-03, terminating action must be performed
on the remaining unrepaired length of the skin panel (from forward
circumferential splice CcO aft cf{reumferential splice of repaired skin
panel) within 15 months of the repair. If existing repairs are found
during the initial visual Inspection of this bulletin, terminating
action must be accomplished on the remaining unrepaired length of the
skin panel within 15 months of being found.

FIGURE 2. EXTERNAL LAP JOINT CORROSION INSPECTION (CONTINUED:

Dec 21/89 747-53-2307
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PSS, PT, P12,
(AND P126)
OVERHEAD PANELS

STA

332 ‘i!’

FLIGHT
- "N( ENGINEER'S STATION

//\ LAVATORY
AREA

PILOTS'
STATION
“ UPPER DECK

‘/
OBSERVERS’
STATION

r
0

TYPlcAL FLIGHT DECK INSTALLATION
ALL AFFECTED CONFIGURATIONS SIMILAR

FIGURE 3. FLIGHT DECK LAP JOINT INTERNAL ACCESS

Dec 21/89 747-53-2307
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FIGURE 3. FLIGHT DECK LAP JOINT INTERNAL ACCESS

747-53- 2307
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FIGURE 3. FLI GHTDECK LAP JOINT INTERNAL ACCESS (CONTINUED)

Dec 21/89
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d Remove the flight engineer’s seat per 747 Maintenance Manual Subject
25- 11-02 or operator’s comparable procedure. Remove the observer’s seat
per 747 Maintenance Manual Subject 25-11-03 or operator’s comparable
procedure. Remove the crew seat per 767 Maintenance Manual Subject
25-11-05 or operator’s comparable procedure.

Remove the pilot’s seats per 747 Maintenance Manual Subject 25-11-01, or
operator’s comparable procedure.

Remove the pilots’ overhead panel PS5 and circuit breaker panels P7, P12
(and P126 if installed). Reference 747 Ualntenance Manual Subject
31-00-00.

Not shown - Cover pedestal, panels, racks, And all vlre bundle connectors
with plastic sheets to help prevent contm natlon or damgage of equipment.

Remove and sal vage disconnect panels behind the pilots’ overhead panel p$§
and circuit breaker panels P7 and Pl2. Disconnect vire bundles as required
to enable dlrconnect panels to be moved clear of modlflcatfon area for
dripshield removal.

QO O o

NOTE : Prior to disconnecting any wire bundles from disconnect panels, re m OVI n g
any vilre bundles from wire bundle clamps or disconnecting any separate
ground vires, ensure that all wire bundles and separate wires are
identified and suitably marked for relnstallatlon.

Remove and salvage the ox@‘fxé fdewall linings, moldings, dripshields,
and insulation in flight deck per 747 Halntenance Manual Subject
25-14-01 or operator’s comparable procedure.

Not shown - Loosen and deflect any installed pltot static tubing as
required {in 1 odlflcatlon areas per 747 Hai ncenance Manual Subject 34-11-00
or operator’s comparable procedure.

Not shovn - Loosen and deflect, or remove any oxygen tubing in modification
areas. as required per 747 Maintenance Manual Subject 35-00-00 or
operator’s comparable procedure.

@ O

9 Not shown - Remove crew escape hatch per 747 Maintenance Manual Subject
0 53-21-01 or operator’s comparable procedure.
FIGURE 3. FLIGHT DECK LAP JOINT INTERNAL ACCESS CONTINUED)
Dec 21/89 747-53-2307
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BOEING SERVI CEBULLETIN 747-53- 2307

FLIGHT COMPARTMENT
AFT PARTITION
FLIGHT COMPARTMENT OOOR

E11 RACK ENCLOSURE
PARTITION

RIGHT CREWIOOR

/
()

B : o’ g
LEFT CREW OOOR
(IF INSTALLEO )
FLOOR-MOUNTE.D

~
ESCAPE SLIDE FORWARD LEFT
(TYPICAL) PARTITION

TYPICAL UPPER DECK CONFIGURATION
WITH LEFT AND RIGHT CREW DOOR

(OTHER UPPER DECK CONFIGURATIONS SIMILAR)

CENTER LIGHTED REVEQL.

UPPER CLOSURE PANEL

LOWER CLOSURE PANEL

STOWAGE BIN

PSU PANEL

WINDOW REVEAL N

FIGURE 4 UPPER DECK LAP JOIST INTERNAL ACCESS

Dec 21/89 147-53- 2307
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Dec 21/89

BOEING SERVICEBULLETIN 747- 53- 2307

Renmpove and Salva e equi pment and furnishings As required to gain access to
STA 420 through STA™520 | ap joints.
manual subjects for renoval procedure.

Refer to the fol | owi ng nmai nt enance

Maintenance
Equi p- ant Manual Subj ect
Window Reveal 25-21-02
Sidewall and Ceiling Insulation 25-21-04
Ceiling Panels 25-22-03
Passenger Service Units 25-23-01
Forward Closets 25-24-00
Forward Right Partition 25-24-11
Forwvard Laft Partition 25-24-12
Crew Rest Area 25-24-19
Passenger Seats 25-25-01
Wall Mounted Attendant Seat 25-25-04
Sctairway Forward Righc Partition 25-26-02
Stair Aft Right Partition 25-26-03
Stairway Forward Left Partition 25- 26- 06
Sidewall Stowage Units 25-28-15
Overhead S tovrgt Bins 25-28-23
Lavatories 25-40-03
Fl oor Mounted Esctpt Sl i de 25-68- 02
Crtv Entry Door 52-13-01
Fl i ght Conpartment Door 52-51-01
Not shown - Install all itens which are removedin the prtctdl ng step per
the applicable maintenance manual subject or operator's comparable
procedure.

FIGURE 4. UPPER DECK LAP JOINT INTERNAL ACCESS (CONTINUED:

747-53-2307
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CEILINGPANEL

BOEING SERVICE BULLETIN 747-53-2307

ATTENDANT
SERVICE PANEL

PASSENGER
SERVIECE UNIT

MAIN ENTRY

OVERHEAD
STOWAGE BIN

DOOR ONE

™ ATTENDANT
PANEL

SIDEWALL

f tTalTYar DaMEH

/_ VAN T ATV

TYPICAL MAINDECK CONFIGURATION
(OTHER MAIN DECK CONFIGURATIONS SIMILAR)

4

FIGURE 5. MAIN DECK LAP JOINT INTERNAL ACCESS
Dec 2 1/89

pPage 32
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BOEING SERVICE BULLETIN 747-53-2307

NOTE: To prevent danmge to floor panels, it {is reconmended that a 1/2-inch
thick, [|-foot square plywood bearing pad be used under each |eg of
| adders, stands or scaffolds. Additionally, it is also recomended that
only one person be allowed to use each | adder, stand or scaffold.

O Renmove and salvage equi pment and furnishings AS required to gain access to
STA 140 through STA 2360 lap joints. Refer to the folloving maintenance
manual subjects for renoval procedure.

Maintenance
Equi prent Manual Subj ect
Sidewall Lining Panel s 25-21-01/-02
Sidewall and Ceiling Insulation 25-21-04
Sideval | Dado Panels 25-21-12
Celling Panels 25-22-01/-03
Encryway Ceiling Panels 25-22-06
Passenger Service Units 25-23-01
Attendant Service Unit 25-23-04
Forward Cl oset s 25-24-00
Particions 25-24-05
Passenger Seats 25-25-01
Track Mounted Attendant Seacts 25-25-03
vall flounced Attendant Seats 25-25-04
Fl oor Covering 25-27-00
I nsul ation Bl ankets 25-28-01
Overhead Stowage Bins 25-28-23
Sideval | Galleys 25-31-M
Sidewall Lavatories 25-40-01
Cargo Lining Panels 25-59-01
Attendant Panel 25-23-05
Oxygen Tubi ng 35-21-00
Main Entry Door No. 1 52-11-01
Fl oor Panel s 53-21-02

@ Not shovn - Install all itens which are renoved in the preceding step per
the applicable nmintenance manual sSubject or operator's comparable

procedure.

FIGURE 5 MAIN DECK LAP JOINT INTERNAL ACCESS (CONTINUED?

Dec 21/89 747-53- 2307
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PECTI EQUI PMVENT

MANUFACTURER OF SUPPLI ER

VI SUAL | NSPECTI ON EQUI PMENT SUPPLI ED

Circon ACMI

P. 0. Box 1971

St anf ord, CO 06904
(203) 328-8751

Renot e view ng instruments and systens:
bor escopes; borescope video systens; and
hi gh-intensity |ight sources.

Fi bertron Inc.
600 N. Shepherd
Houston, TX 77007
(713) 861-3602

Bl dg. 115

Renpte view ng instruments: industri al
bor escopes; borescope video systens; and
hi gh-intensity |ight sources.

I nst runment Technol ogy | nc.
P. O Box 381

Westfield, MA 01086

(413) 562-3606

Renote view ng instruments: industri al
bor escopes; borescope video systens; and
hi gh-intensity |ight sources.

Learj et/ Bonbardi er

Larascope—Optical Prism I nspection

265 Andrews Road
Scottsville Industrial
Trevose, PA 19047
(215) 322-9990

Par k

PO Box 7707

Wchita, KS 67277-7707 System

Attn. Spares Dept.

Lenox | nstrunment Co., Inc. Renote view ng instrunments: industri al

borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Machida | nc.
40 Ramland Road South

Renpte view ng instruments: industri al
borescopes; borescope video systens; and

Orangeburg, NY 10962 hi gh-intensity |ight sources.

(914) 365-0600 (800) 431-5420

McMaster-Carr Supply Co. Industrial luminaires: adjustable arm
P. O Box 4355 lights; portable utility lights;

Chicago, |IL 60680-4355 i ncandescent and fl uorescent trouble
(708) 833-0300 lights; borescopes; fiber optic

illum nators and |ight guides;

i nspection mirrors; and flashlights.
M t subi shi Cabl e Anerica, Inc. Renpte view ng instruments: industri al
520 Madi son Avenue bor escopes; borescope video systens; and
New York. NY 10022 high-intensity |ight sources.

Moritex USA, |nc.

Renote view ng instrunents: industrial

(516) 488-3880

6440 Lusk Bl vd. Suite D105 bor escopes; borescope video systens; and
San Di ego, CA 92121 hi gh-intensity |ight sources.

Newco, |nc. Renote view ng instrunments: industrial
P.0. Box 4013 borescopes; borescope video systems; and
Fl orence, SC 29502 hi gh-intensity |ight sources.

(803) 669-2988

A ynpus Cor p. Renote view ng instrunments: industrial

I ndustrial Fiberoptics Division borescopes; borescope video systens; and
4 Nevada Drive hi gh-intensity |ight sources.

Success, NY 11042-1179
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MANUFACTURER OF SUPPLI ER

VI SUAL | NSPECTI ON EQUI PMENT SUPPLI ED

Optical Gagi ng Products Inc.
850 Hudson Ave.

Rochester, NY 14621

(716) 544-0400

Optical instruments: optical comparators
and measuring m croscopes.

Optroni cs Engi neering

Uni versity Business Center
175B Crenpna Drive

Gol eta, CA 93117

Renmpte viewi ng instrunents: industrial
borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Ri chard Wl f Medi cal
I nstruments Corp.

I ndustrial Division
7046 Lyndon Ave.
Rosenmont, |L 60018
(708) 298-3150

Renmpte viewing instrunents: industrial
borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Schl ueter Instruments Corp.
Gunbarrel Square

Suite 320 6525 Gunpark Drive
Boul der, CO 80301

(303) 530-2217

Renmpte viewi ng instrunents: industrial
borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Shott Fiber Optics Inc.
122 Charlton Street
Sout hbri dge, MAa 01550
(508) 765-9744

Renmpte viewi ng instrunents: industrial
borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Titan Tool Supply Co., Inc.
68 Comet P.QO Box 182

Buf fal o, NY 14216

Optical instrunents: neasuring and

al i gnment mi croscopes; tool makers

m croscopes; flexible and rigid
borescopes; high-intensity [Iight
sources; fiber optic light sources and
ight guides; etc.

Wel ch Allyn Inc.
I nspection Systens Division
4619 Jordan Road P.O Box 100

Skaneateles Falls, NY 13153

Renmpte viewing instrunents: industrial
borescopes; borescope video systens; and
hi gh-intensity |ight sources.

Page 3 (and 4)
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APPENDI X H. ENG NE VI SUAL | NSPECTI ON G_OSSARY

Engi ne Visual Inspection G ossary. Retyped with Perm ssion of
Pratt & Whitney.
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ENGINE VISUAL INSPECTION GLOSSARY
(Courtesy of Pratt & Whitney)

GLOSSARY OF TERMS: The following defines terms used in this Master and
other VIS’s.

Page 2

Abrasion: A rubbing away of coating material which may or may not
expose base metal.

Back-To-Back Imperfections: Imperfections on the opposite faces of a

specific wall (or weld) which normally are opposite each other (see Figure I I-
1). This condition is considered evidence of a single thru-wall imperfection.
If it 1s obvious that d&continuities on opposite faces are caused by the same

defect. Even though offset, this condition is considered back-to-back (see
Figure 1 1-2).

Figure 1 1- 1. Single Thru-Wall Figure | 1-2. Back-To-Back
Bellmouth: Taper condition formed on ID of a hole at the opposite end of
the hole from which a punch or blanking die enters.

Blending: An operation which removes an irregularity from a surface,
resulting in a shallow, smooth depression.

Blister: A localized lifting of coating, plating, fiberglass, or paint,
appearing as a bulge that may break when probed.

Bottomed Imperfection: Fit, cavity or hole in which the bottom can be
seen.

Braze Crack: Linear fracture of the braze surface.

Braze Fillet: Braze in a joint creating a smooth transition between the
details being joined.

Braze Joint: Area between details to be joined by brazing.

Braze Porosity: A group of closely-spaced, small voids (internal pores) in
the braze joint or fillet open to the braze sur f ace.
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Braze Rippling: A condition of the braze surface characterized by
unevenness and irregular appearance with peaks and valleys that are
gradual in nature, like ripples on a pond.

Braze Void: Unfilled space in braze material in which a bottom is visible.

Broach Mark A straight depressed imperfection without tears, caused by
the broaching operation (See Tool Mark).

Burnish: A shiny area resulting from rubbing against a hard, smooth
surface; may contain scratches of no apparent depth.

Burnishing: Mechanical smoothing of a surface, usually by rubbing.
Burn Marks: Localized indication of excessive heating (e.g., blue to blue-
black discoloration) due to excessive dwell time of a tool at that location, or

electrical arcing due to improper contact between an electrode and the part.

Burn Out: Electrochemical machining erosion beyond the desired feature
profile.

Burr: A fragment of metal which remains attached to the surface after a
machining or riveting operation.

Burst: Cracks caused by rupture extending outward from a central point.
Chain Porosity: Porosity in linear alignment.

Chatter Mark: Recurring undulations or irregularities that result from
vibratory interactions of the tool and a typical machined surface.

Chips or Chipping: Discrete particles of a coating which have been
removed by mechanical means.

Clearly Separated: Imperfections which are not touching when viewed
with the unaided eye.

Cluster: Two or more imperfections, clearly separated, which can be
contained within a circle of the maximum diameter allowed by the assigned
standard. A cluster, or group of clusters which can be contained within the
allowed circle shall be counted as one imperfection.

Cold Shut: Intermittent or continuous lines caused by unused material.
Corrosion: Surface is pitted and discolored, caused by unwanted chemical

or electrochemical action.
Page3
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Crack: Linear imperfection in the form of a narrow break or fissure of the
surface.

Crater: A depression at the termination of a weld bead.

Crazing: A network of minute cracks appearing in the coating of coated
Pa--

Delamination: A separation of the layers in a layered material.

Dent: A surface depression normally having rounded edges, comers, and
bottom, caused by the impact of some object.

Depressed Imperfection: Imperfection below the general surface of the
part; may have either smooth or irregular (sharp) edges or bottom (See Dent
or Pit).

Die Break or Breakway: A rough surface caused by breaking away of
metal by a punch or blade during a blanking or shearing operation.

Draw Mark: Linear, trough-like grooves which result from the action of
die imperfections or foreign material on the drawn material.

Dross: Linear imperfections or imperfections in the form of branching or
irregular patterns, caused by impurities or oxides in a cast material.

Erosion: The carrying away of material by the flow of gases, fluids or
solids.

Excess Braze: Braze material beyond the joint fillet; sometimes referred
to as a run, streak or flash.

Fissure: Linear imperfection in the form of a narrow separation of surface
material.

Flaking: Raised areas of coating or plating on a coated or plated part,
indicative of poor bonding.

Foreign Material: Any solid or liquid material not integral to a part.
Such material may or may not be adherent to a surface or passage.

Forging Mark: Ridges or grooves on the external surface of a part caused
by foreign material or irregularities on the forming die.

Formed Depression: A change in surface level caused by mismatch of
adjoining die segments.
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Fretting Corrosion: A rapid oxidation of surfaces caused by movement of
closely fitted parts. It is characterized by surfaces exhibiting colors ranging
from black to brick red, depending upon severity and/or time of exposure to
fretting corrosion.

Fusion Line: Interface of the weld bead and parent metal.

Fusion Zone: The weld bead formed by the melting of filler metal and
parent metal, or of parent metal only.

Galling: An advanced case of fretting corrosion where there is transfer of
material from one to the other of closely fitted surfaces, causing damage to
both surfaces.

Gas Path: Engine airstream area.

Gouge: Relatively wide trough-like depression caused by tearing away of
the surface by another object.

Grinding: An operation that removes material by the use of an abrasive
material to produce a predetermined size.

Groove: A narrow cut in a surface.
Heat Affected Zone: The zone on each side of the weld bead on both the

weld deposit and melt thru sides, when applicable. The width of the heat-
affected zone shall be one half the width of the weld bead. See Figure H-3.

HEAT AFFECTED ZONE
172 WELD BEAD WIDTH

T
DD L
WELD BEAD {

WIDTH

Figure H-3. Typical weld deposit and melt thru sides
Page S
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Heat Discoloration: Staining, ranging from straw color (‘low temperature
effects) to purple (high temperature effects).

Hot Tear: Linear fractures in the form of ragged wavy lines of variable
width resulting from overstress of the material during solidification.

Imperfection: An interruption (non-uniformity) in the normal surface
condition of a part configuration which must be evaluated for acceptance to
an assigned standard.

Inclusion: A linear or non-linear entrapped foreign material particle
retained in the metal during solidification.

Incomplete Fusion: A linear imperfection of varying width caused by
failure of the weld material to fuse during a welding operation.

Interface: A common boundary of two pieces,- spaces or phases.

Kink: A buckled condition, a short tight twist or curl in tubing caused by a
bending or winding of the tubing.

Lap: A linear imperfection caused by folding over of metal edges during
rolling or forging operations.

Linear: An imperfection having a length three or more times its width.

Linear Alignment: Three or more aligned imperfections separated from
one another by less than three times the maximum imperfection dimension.

Line of Braze: Visible braze material in the joint; includes recessed braze
and depressed imperfections in which the bottoms can be seen.

Major Dimension: The longest dimension of an imperfection.
Minor Dimension: The smallest dimension of an imperfection.

Nick: A small surface imperfection having sharp edges, corners, or bottom
caused by impact of a sharp object.

Nodule: A small, rounded, raised lump of metal, plating or coating

material.

Non-Bottomed Imperfection: A depressed imperfection in which the
bottom cannot be seen.
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Non-Linear Imperfection: An imperfection whose length is less than
three times its width.

Oil Canning: Localized buckling or distortion of a smooth, thin-wall
contour, usually caused by weld mismatch or weld shrinkage.

Orange Peel: A dimpled or grainy surface texture resembling an orange
peel.

Peeling: Section of a coating or plating lifting away from the coated or
plated surface.

Per Inch of Weld: One inch of weld bead length regardless of weld width.

A shifting of an imaginary scale having one inch increments along the weld

isrequired to contain the maximum number of imperfections in a one inch
length.

Pit: Small irregular cavity in a surface, usually dark bottomed.

Plating Pit: A rounded depression in the surface of the plating which does
not expose base material.

Polishing: A finishing operation which produces a smooth surface finish.

Porosity: A series of holes or pits caused by air or gas trapped in the
metal during solidification.

Raised Edge: A narrow ridge of material along an edge raised above the
general contour of the part.

Raised Imperfection: An imperfection which is above the general surface
of the part.

Recessed Braze: Braze around the joint which falls below the theoretical
full joint surface.

Rollover: A rounded edge formed on the side of a part from which a punch
or blanking die enters.

Run: See ‘Excess Braze’

Scoring: Multiple scratches caused by contact with a mating part, foreign
material or tool.

Score Line: A deep scratch caused by an irregular mating surface.

Page 7
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Scratch: A linear depression with a sharp bottom caused by movement of
a sharp object or particle across the surface.

Scuffs: Small closely spaced scratches caused by the rubbing together of
hard surfaces.

Seam: Linear imperfection attributable to an unused material condition
which existed prior to metal working operations; variation of a lap.

Shallow Imperfection: An imperfection which appears to penetrate the
surface finish texture, does not have a dark bottom and would not cause a
stylus having a nose radius ranging in size from .030" to .0365" (Steel, TAM
167120 or 170194 or equivalent) to hesitate (catch) when passed over it.

Shear Mark (Die Break): A rough surface caused by breaking away of
metal during die-forming operations.

Shrinkage: Linear or non-linear imperfections of varying forms caused by
contraction during solidification.

Smooth: A surface that is continuously even, free of irregularities,
presenting no resistance to the sliding of a finger or tool. Can be applicable
to a one plane surface or transition surfaces between planes.

Spalling: Breakdown of the surface (cracking, flaking) due to fatigue,
usually in the form of irregular, sharp edged pits with edge conditions
indicating progression. May be caused by subsurface inclusions, in which
case the bottom of the pit may be dark.

Spatter: Molten material expelled from a weld which adheres to nearby
surfaces.

Stain: Surface discoloration due to liquids drying on the part.

Step: An abrupt change in the surface contour which looks like a step in
cross section.

Stretch Mark: A condition where material has been elongated during
forming to the point of producing a rippled surface.

Stringer: Impurities in a metal which are elongated by rolling or forming
operations. May appear as a continuous line or a series of elongated pits or
inclusions.
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Superficial Imperfection: An imperfection which disrupts the surface
and appears smooth-edged but does not penetrate the surface roughness
texture. This condition is so slight, considered less than a shallow
imperfection, that a stylus need not be used to evaluate it.

Surface Texture (Finish): The texture of a surface, be it forged, cast, or

machined. Also, this term applies to the numerical value assigned to the
surface roughness of machined surfaces.

Surface Roughness: Marks left on the workpiece by the action of a tool,
such as a grinding wheel or a lathe tool.

Tear: Removal of metal by tensile stresses imposed by a dull tool or too
heavy a cut.

Through Void: A void which extends completely through a braze or weld.
If it 1s impossible to see through the void, it is considered through if no
bottom can be observed.

Tool Mark: Imperfection, »<tally depressed, caused by machining tools.

Void: Regular or irregular shape imperfections resulting from lack of braze
or weld material.

Warped: Twisted or distorted out of shape because of unequal internal
stresses introduced in forming or thermal operations.

Weld Undercut: A groove in the parent metal adjacent to an edge of a
weld left unfilled by the weld operation.

Well Dispersed: Imperfections separated from one another by 125 inches
or more.

Woodgraining: A general surface condition consisting of smooth-bottomed,
elongated pits connected by light surface cracks.

Wrinkle: A rippled surface that occurs in areas of sharp contour changes
in sheet metal parts.

Page 9 (and 10)
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